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INTRODUCTION
The v a r io u s  in d o le  a l k a l o i d s  have b een  th e  s u b j e c t  o f  
i n t e n s i v e  i n v e s t i g a t i o n  ov er  the  y e a r s . ’*' R e c e n t ly ,  th e  f o r ­
m a tio n  o f  th e  C r in g  in  the p e n t a o y c l i c  i n d o l o i s o q u i n o l i n e  
s e r i e s  and th e  t e t r a c y c l i c  s e r i e s ,  by way o f  a c y c l i z a t i o n
in v o lv in g  th e  h i g h l y  n u c l e o p h i l i c  In d o le  r i n g ,  has r e c e iv e d
2
p a r t i c u l a r  a t t e n t i o n .  In  19^9* J u l ia n  and Magnani r e p o r te d  
t h a t  p a lla d iu m  on c h a r c o a l  d e h y d r o g e n a t io n  o f  th e  o x in d o y l— 
t e t r a h y d r o i s o q u in o l in e  d e r i v a t i v e  3. y i e l d e d  th e  d i h y d r o i s o -  
q u in o l in e  2 w h ich  underwent r e d u c t iv e  o y c l i z a t i o n  t o  1^  on
3
tre a tm e n t  w i t h  l i t h iu m  aluminum h y d r id e .  I t  was l a t e r  shown 
t h a t  the  a c t u a l  p ro d u ct  o f  the  d e h y d r o g e n a t io n  wa3 the  con­
densed m a t e r ia l  r a t h e r  th an  2 t and t h a t  ^  y i e ld e d  the  In d o le  
jj. on tr e a tm e n t  w ith  l i t h iu m  aluminum h y d r id e .
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Subsequently , P o tts  and Robinson^ demonstrated th at  
the in d o ly le th y l iso q u in o lin iu m  s a l t  was reduced w ith  spon­
taneous c y c l i z a t io n  to  2* These workers p o stu la ted  the d i -  
h yd ro isoq u in o line  6 as an in term ediate and suggested th a t  the 
inorganic s a l t s  in  the r e a c t io n  medium caused the c y c l i z a t io n  
by Lewis acid  c a t a l y s i s .  I t  was f e l t  th a t  the o l e f i n i c  double 
bond in  the d ih yd ro isoq u in o lin e  _6 would be attaoked by acid  
U )  a t  the oarbon atom P> to  the n itr o g e n .  The h ig h ly  e le o —
.  r  i 1
t r o p h i l io  c e n te r  thus e s ta b l is h e d  a t  the —carbon (A—C—C=N—
1 i 1 ® 5A— woul d then a tta c k  the in dole  r in g .  E ld e r f ie ld
employed a red u ctive  c y c l i z a t io n  of t h i s  type as the key step
in  the t o t a l  sy n th e s is  of a l s t o n i l i n o l .
7
Huffman is o la te d  an unstable product from the lith iu m  
aluminum hydride reduotion  of in  whioh the ex cess  hydride 
was decomposed under b asic  c o n d it io n s .  This m a ter ia l appeared 
to  be the d ih yd ro isoq u in o lin e  6 and afforded on treatment 
w ith  d i lu te  a c id .  This suggested  to  Huffman th a t the c y c l i — 
z a t io n  reported by P o tts  and Robinson^" may have occurred during 
the work up of the r e a o tio n  mixture and does not require the 
p o s tu la te  of Lewis acid c a t a l y s i s .  Otherwise, he did not d is ­
agree w ith  the proposed mechanism, excep t to p o in t  out that  
i n i t i a l  c y c l i z a t io n  o f  6 to  the indolon ine Jmf by way of the 
S o h if f* s  base 8 , fo llow ed  by rearrangement to  2  should be 
considered  as a p o s s ib le  a l te r n a te  mechanism.
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/
7E l d e r f i e l d  re p o r te d  t h a t  the  a n a lo g o u s  ^  " i n d o l y l — 
e th y lp y r id in iu m  s a l t s ,  on r e d u c t io n  w ith  l i t h iu m  aluminum 
h ydride  or sodium b o ro h y d r id e , gave no c y c l i z a d  p ro d u c ts  but  
on ly  the 1 , 2 , 5 , 6 —te tr a h y d r o p y r id in e  d e r i v a t i v e s .  T hesing
O
and F e s ta g  , how ever, c a t a l y t i c a l l y  reduced the  p y r id in iu m
s a l t  10 to  the p ip e r id e in a  _11 and brought a b ou t c y c l i z a t i o n
in  d i l u t e  a c i d .  Other c y c l i z a t i o n s  t o  form th e  C r in g  in
o__i2s i m i la r  c y c l i c  in d o le  system s have a l s o  been  r e p o r te d .
i
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k10 11 12
10In a recen t p u b lic a t io n , Wenkert and co-workers de­
scr ib e  the reductive o y c l iz a t io n  of the pyridinium s a l t  13 * 
Reduotion w ith  lith ium  aluminum hydride or w ith  sodium boro-  
hydride in  diglyrae, fo llow ed  by a o id i f i c a t io n ,  y ie ld ed  a 
m isture of the c y c l iz e d  Ilia and unoyolized 15a 1 ,2 ,5 ,& —te tr a — 
hydropyrid ine s .
LlAlHjj or ; 
NaBH^/d iglyme
18
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I t  i s  assumed t h a t  the  1 ,2 —d ih y d r o p y r id in e  16a i s  in te r m e d i­
a t e  t c  the  fo r m a t io n  o f  b oth  p r o d u c ts  and 1 5 a . P r o t o -
n a t io n  o f  the 1 ,2 —d ih y d r o p y r id in e  16a a t  th e  5—p o s i t i o n  o f
•r
th e  p y r id in e  r i n g ,  p erhaps by th e  s l i g h t l y  a c i d i c  hydrogen  
on th e  In d o le  n i t r o g e n ,  f o l lo w e d  by ra p id  r e d u c t io n  o f  the  
p r o to n a te d  m a t e r ia l  17a In th e  r e d u c in g  medium, would a cc o u n t  
f o r  th e  fo r m a t io n  o f  the u n o y c l iz e d  1 , 2 , 5  >6-*tetra h y d r o p y r id in e
7
in  t h i s  c a s e  and i n  th e  c a s e  r e p o r te d  by E l d e r f i e l d . '  How­
e v e r ,  a c i d i f i c a t i o n  o f  16a In  th e  ab sen ce  o f  any r e d u c in g  a g en t  
would a co o u n t f o r  the fo r m a t io n  o f  th e  c y o l i o  p ro d u ct  l i i a . 
Wenkert s u g g e s t s  t h a t  an In d o ly a lu m in o h y d r id e  com p lex , formed  
by th e  a b s t r a c t i o n  o f  the  p ro to n  on th e  in d o le  n i t r o g e n ,  may 
a cco u n t f o r  th e  r e d u c t io n  o f  the d ih y d r o p y r id in e  16a t o  the  
t e t r a h y d r o p y r id in e  l 5 a . In deed , r e d u c t io n  o f  the  s a l t  1 3 b . 
w ith  a m eth y l group on the  in d o le  n i t r o g e n ,  fo l lo w e d  by a c i d i ­
f i c a t i o n ,  y i e l d e d  o n ly  the  c y c l i z e d  p ro d u ct  lk.b and no 1 5 b .
The f a c t  t h a t  the  a ttem p ted  c y c l i z a t i o n  o f  th e  2— 
m e th y l in d o le  d e r i v a t i v e  13o d id  n o t  y i e l d  th e  In d o le n in e  18c 
ca n n o t  be ta k e n  a s  p r o o f  t h a t  th e  i n d o l e n in e s  18a and 18b 
are n o t  In te r m e d ia te  t o  the  fo r m a t io n  o f  lh a  and liib  r e s p e c ­
t i v e l y ,  s in c e  o n ly  15c c o u ld  be i s o l a t e d  from t h i s  r e a c t i o n .
The o y o l i z a t i o n  r e p o r te d  by van Tamelen , on h e a t in g  
th e  p i p e r i d i n o l  1^ i*1 the p r e s e n c e  o f  a c e t i c  a c id  and sodium  
a c e t a t e ,  i s  s u f f i c i e n t  r e a so n  f o r  c o n s id e r in g  c y c l i c  in d o ­
l e n i n e  s o f  th e  ty p e  18 a s  I n te r m e d ia t e s  i n  th e  fo r m a t io n  o f  
t e t r a c y c l i c  in d o le  d e r i v a t i v e s  th ro u g h  a r e d u c t iv e  c y c l i z a t i o n  
o f  th e  c o r r e sp o n d in g  &-( P> — Ind o l —3-y l)e  th y  lp y  r i d  inium s a l t s .
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CH^COONa
That the 3—p o s i t io n  on the indole  nucleus i s  more 
su so e p t ib le  to  e l e c t r o p h i l i c  a t ta c k  than the 2—p o s i t io n  has 
long been known and i s  to  be expected on the b a s is  of e le c tr o n  
d e n s ity  c a l c u l a t i o n s .1® Hinman showed1^, using proton mag­
n e t ic  resonanoe data , th a t p ro ton ation  of the indole  nucleus  
in  ac id  oceurs predominantly a t  the 3—p o s i t io n .  He a ls o  
showed, however, th a t  in  strong d e u te r o su lfu r ic  acid  a slow  
exchange o f the hydrogen on the 2—p o s i t io n  of the in dole  ring  
takes p la c e .  Indeed, the eldotron d e n s ity  c a l c u la t io n s 1® 
would su ggest th a t  the 2 - p o s i t io n  should a ls o  show some n u o leo -  
p h i l i c  ch a ra c ter . This has apparently  been borne out in  some 
r e a c t io n s  o f  y ~\substituted in d o le s 1®'1*^ and one o f  th e s e 1® 
su g g ests  th a t  the determ ining fa c t o r  in  the p o s i t io n  of a tta ck  
by an e l e c t r o p h i le  on a 3 ~ su b st itu te d  in dole  i s  a s t e r i c  one. 
Thus a sm all e l e c t r o p h i l i c  s p e c ie s ,  such as a proton , w i l l  
a t ta c k  the 3—p o s i t io n .  A la r g e r  e l e c t r o p h i l i c  s p e o ie s ,  how­
ev e r ,  may encounter hindrance a t  the 3—p o s i t io n  o f  s u f f i c i e n t  
energy to  o f f s e t  the d if fe r e n c e  in  r e a c t i v i t y  and a t ta c k  takes  
p lace  a t  the 2—p o s i t io n .  This i s  the s i t u a t io n  encountered
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
in  the d im e r iz a t io n  o f  ska t o l a .  In  normal e l e c t r o p h i l i c  
s u b s t i t u t i o n  o f  3—3 u b s t i t u t e d  i n d o l e s ,  w h ere in  the  r e s u l t a n t  
p rod uct i s  a 2 ,3 —d i s u b s t i t u t e d  i n d o l e ,  th e  p o s i t i o n  o f  i n i t i a l  
a t t a c k  o f  tha e l e c t r c p h i l e  can n ot be in f e r r e d  d i r e c t l y  from  
the  s t r u c tu r e  of the p r o d u c t ,  s in c e  i n i t i a l  a t t a c k  may have 
occurred  a t  the 3—p o s i t i o n  t o  g iv e  a 3 ,3 —d i s u b s t i t u t e d  indo— 
l e n i n e ,  w hich  th e n  can  undergo rearrangem ent t o  the 2 ,3 —d i— 
s u b s t i t u t e d  in d o l e .
5Subsequent t o  the  work o f  Huffman , h e ls o n ,  as p a r t
20o f  a s tu d y  o f  the p r o p e r t i e s  o f  p a r t i a l l y  reduced p y r id in e s  , 
oaused the c y c l i z a t i o n  o f  the  3—b en zo y l—l,i}j-d ihydropyr-id ine  
d e r i v a t iv e  21 to  th e  co r re sp o n d in g  q u i n o l i z i n e  d e r i v a t iv e  212 




The p r e s e n t  work i s  concerned  w it h  a s tu d y  o f  the  
c y c l i z a t i o n  o f  a l , ijr -d ih y d ro p y r id in e  t o  a q u in o l i z in e  d e r iv a ­
t i v e  in  an a ttem pt t o  determ ine i t s  g e n e r a l  u t i l i t y  as a 
s y n t h e t i c  procedure and to  shed l i g h t  on the  mechanism o f  the  
c y c l i z a t i o n .  S in ce  th e  in d o le  sy s tem , a s  try p to p h a n , and the  
l,I |^»dIhydropyrIdIne sy s tem , in  d ip h o sp h o p y r id in e  n u c l e o t i d e ,  
are g e n e r o u s ly  d is p e r s e d  in  n a tu r e ,  t h i s  r e a c t i o n  assumes in>-
R eproduced  with perm ission o f the copyright owner. Further reproduction prohibited without perm ission.
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*
portance as a p o s s ib le  b io g e n e t ic  pathway f o r  the form ation  
of the indole  a lk a lo id s .
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9DISCUSSION AND RESULTS
S e l e c t i o n  o f  th e  1 , 14.—dihyd ropy r id  in e  System
Wes the ime r  ha s sh  own'21 t h a t  th e  r e d u c t io n  w i t h  sodium
d i t h i o n i t e  o f  p y r id in iu m  s a l t s ,  b e a r in g  an e l e c t r o n  w ith d raw in g  
group on th e  3—p o s i t i o n ,  l e a d s  e x c l u s i v e l y  t o  the  fo r m a t io n  o f  
the  c o r r e sp o n d in g  1 , 14—d ih y d r o p y r id in e . In  some p r e l im in a r y  
s t u d i e s ,  we found t h a t  th e  sodium d i t h i o n i t e  r e d u c t io n  o f  N—
b e n z y l—3—cy a n o p y r id in iu m  bromide 2^ , a c c o r d in g  to  th e  m ethod ,
22o f  Anderson and Berkelhammer , gave a m ustard c o lo r e d  s o l i d  
whose in fr a r e d  spectrum  e x h ib i t e d  v e r y  s t r o n g  a b s o r p t io n  a t  
2195 onf'1 , 1680 oitT'1 , and 1605 anT'1 ( o f .  Table I ) ,  T h is  
m a t e r ia l  a l s o  showed a b s o r p t io n  in  th e  u l t r a v i o l e t  r e g io n  a t  
3^ 4-0 m p. On a d d i t io n  o f  a sm a ll  amount o f  h y d r o c h lo r ic  a c i d ,  
t h i s  band d isa p p e a red  w i t h  th e  fo r m a t io n  o f  a new band a t  
273 mp . A l a r g e r  sample o f  the  p ro d u ct  from th e  d i t h i o n i t e  
r e d u c t io n ,  on tr e a tm e n t  w i t h  a c i d ,  gave a l i g h t  brown u n s ta b le  
s o l i d  whose in fr a r e d  spectrum  had s tr o n g  a b s o r p t io n  a t  2200 cm1"1 
and I 6 3O cm” 1 but no a b s o r p t io n  a t  1680 cirT’1 .
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23jit t h i s  time a p u b l ic a t io n  by Druey and Schenker 
appeared whioh d escribed  the p rep aration  of N—methyl-*3—cyano«  
l ,i |f-d ih yd rop yrid ln e 26 and H a te d  Infrared band3 fo r  t h i s  
m a te r ia l  a t  2190 cnf"1 , 1685 cm"'1 , and 1605 cnT’1 and an u ltr a ­
v i o l e t  maximum a t  3^0 m p. On a d d it io n  o f  hyd roch lor ic  acid  
to  a m ethanolic  s o lu t io n  of 26 , the band a t  3 4^-0 mp disappeared  
and a new band a t  268 mpwas formed. C a ta ly t ic  red u otion  of  
26 afforded  the l , i f . ,5 ,6 —tetrah ydropyr id ine 2£ whose in frared  
spectrum had strong bands a t  2180 era*"1 and 1630 cm”*1 and 
whose maximum in  the u l t r a v i o l e t  reg io n  appeared a t  278 mp.
In our work, c a t a l y t i c  r e d u ct io n  o f the quaternary s a l t  2J 
y ie ld e d  the l,l|.,5> 6—tetrah yd rop yr id in e  2£ which had a maximum
JL
a t  2Jb  mp in  i t s  u l t r a v i o l e t  spectrum and bands a t  2190 cm 
and 1630 cm"'1 in  the in frared  r e g io n . The r e s u l t s  of Druey 
and Schenker confirm the s tru ctu re  2 .^ as the product of the 
d i t h io n i t e  redu otion  of 2 3 .
The s p e c tr a l  data show th a t  in  a 1 , ip—dihydropyridine  
of the type 2^., the conjugated 2 ,3 - ’double bond Is q u ite  s t a b le ,  
whereas the unconjugated 5,*>™double bond com prises a *highly  
r e a c t iv e  enamine s y s t e m . T h i s  enamine double bond, in  
a c id ,  would be protonated a t  the 5—p o s i t io n  rendering the 6— 
p o s i t io n  h ig h ly  e l e c t r o p h i l i c .  This i s  p r e c i s e ly  the s i tu a ­
t io n  required  f o r  e l e c t r o p h i l i c  a t ta c k  o f the .Indole n u c leu s .  
This f a o t ,  along w ith  the r e l a t i v e l y  h ig h  s t a b i l i t y  o f the 
dihydropyrid ine 2b  and the c h a r a c t e r i s t i c  sp e o tr a l  p r o p e r t ie s  
of both  the d ihydropyrid ine 2b  and the te trah yd rop yr id in e  2£, 
led  to  the s e l e c t i o n  o f  the 3-cyano—Ijlji-d ihydropyridine system
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f o r  th e  s tu d y  o f  the c y c l i z a t i o n  r e a c t i o n .
The f i r s t  s t e p  in  t h i s  s tu d y  was to  determ in e  w heth er  
or n ot th e  p a ren t  compound, N— {7 ^  — ( In d o l—3—y l ) e thy  1*7) —3— 
cyan op yrid in iu m  bromide (28) cou ld  be made to  c y c l i z e  to  the  
q u i n o l i z i n e  d e r i v a t i v e  JO. Having a t t a in e d  t h i s  end, the  
n ex t  s t e p  would be to  o b ta in  e v id e n c e  f o r ,  or a g a in s t ,  the  
p resen ce  o f the in d o le n in e  J J  as  an in te r m e d ia te  in  t h i s  







I t  was hoped th a t  an in d o le n in e ,  i f  one Is  i n t e r ­
m ed iate  in  the  c y c l i z a t i o n ,  co u ld  be i s o l a t e d  e i t h e r  by ex­
ten d in g  the  s id e  ch a in  l i n k i n g  the in d o le  n u c le u s  to  the  
p y r id in e  r in g  by one carbon atom or by b lo c k in g  the  2—p o s i t i o n  
on th e  in d o le  r in g  w ith  a s u b s t i t u e n t .  I t  was th ou gh t th a t  
the  in d o le n in e  r e s u l t i n g  from th e  le n g th e n e d  s id e  ch a in  m ight  
be more s t a b l e ,  due to  the s i x —membered s p lr o —r in g ,  than the  
in d o le n in e  1 1  w ith  th e  f i v e —membered s p lr o —r i n g , The indo— 
l e n i n e  formed from th e compound w ith  the  2—p o s i t i o n  o f  the  
in d o le  n u c le u s  b lock ed  would be unable  to  rea rra n g e  t o  y i e l d  
an in d o le  d e r i v a t i v e .
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Demonstration of the F e a s i b i l i t y  of the C y o liza tio n  of a 1 , Ip— 
dihydropyridine to  an In d o lo q u in o liz in s .
Preparation  and Reductive Q v c liz a t io n  of N-» —(ind o l—
3 ~ y l)e th y l  -3-oyanopyridinium  Bromide (28). ^ e  scheme fo r  the
preparation  o f  the desired  quaternary s c l t  28 i s  ou tlin ed  in  
Figure 1,
I n i t i a l l y  the acid  JU? was obtained from gramine {Sh)
or 3~piperid inom ethylindole (£5.)* These Mannioh bases were
acid  22  was obta ined . This procedure was q u ite  lengthy and, 
f o r  the sake of expedience, commercial in d o le a o e t ie  acid 22 
(Matheson) was employed in  most in s ta n c e s .
29
Lithium aluminum hydride reduction  of the acid 32 
afforded tryptophol (33)in  good y i e l d .  Bromination of tr y p to -  





F ig .  1
26
26 27prepared according to the method of Kuhn and S te in  and
n Q
a f t e r  treatment w ith  sodium cyanide and h y d r o ly s is  , the
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o f  th e  r e s u l t a n t  bromide Jilt w i t h  3—c y a n o p y r id in e ,  a c c o r d in g
20t o  th e  method o f  N e ls o n  , gave the  d e s ir e d  s a l t  28*
The p y r id in iu m  s a l t  2 8 ,  i n  u n b u ffere d  aqueous metha—
i
n o l ,  was t r e a t e d  w i t h  sodium d i t h i o n i t e .  The s o l i d  r e d u c t io n  
p ro d u ct  e x h i b i t e d  in f r a r e d  and u l t r a v i o l e t  a b s o r p t io n  in d ic a — - 
t i v e  o f  a 3—cyano—l, l j . ,5 ,* > - te tr a h y d r o p y r I d in e , r a t h e r  th an  th e  
e x p e c te d  l , l 4* -d ih y d ro p y r id in e  ( o f .  T a b le s  I  and I I ) .  The ana­
l y t i c a l  d ata  showed t h a t  the  p ro d u c t  was th e  d e s ir e d  c y c l i z e d  
m a t e r ia l  -22. L a te r  i t  was shown t h a t  th e  r e a c t i o n  m ix tu re  was 
a c t u a l l y  s l i g h t l y  a c i d i c  due t o  th e  l i b e r a t i o n  o f  s u l f u r  d i ­
o x id e  from th e  o x id a t io n  o f  th e  d i t h i o n i t e  i o n .  Thus, I t  was 
assumed t h a t  th e  l , i |* -d ih y d r o p y r id in e  22 was p r o to n a te d  a s  I t  
was formed and underwent c y c l i z a t i o n  im m e d ia te ly  t o  th e  q u ir t-  
o l i z i n e  .22- In  f a c t ,  when th e  r e d u c t io n  was c a r r ie d  out in  
an aqueous s lu r r y  under a l a y e r  o f  e t h e r ,  impure d ihydropy.ri— 
d ine  22  was o b ta in e d .
Thus th e  d e s ir e d  c y c l i z a t i o n  o f  th e  enamine p o r t io n  o f  
a l ,! (r~ d ih y d ro p y r id in e  w i t h  an in d o le  n u c le u s  o c c u r s  r e a d i l y .  
The i n d o l o q u i n o l i z i n e  30 was o b ta in e d  in  75^ y i e l d .  The h ig h  
y i e l d  o f  t h i s  r e a c t i o n  em p h a sizes  the p o s s i b l e  s y n t h e t i c  
u t i l i t y  o f  su ch  a r e a c t i o n .
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C y c liza t io n  of a l , l | -d ih y d r o p y r id in e  to y ie ld  a benzoquinoli— 
z in e .
Preparation and Reductive C y c liza t io n  of N— C ^  — ( 3 , It— 
dlmethoxTPhanyDethylH —3-cvanop-yrid inium Bromide ( 3 8 ) . In 
order to  study the scope of t h is  c y c l i z a t io n  and to e lim in ate  
the p o s s i b i l i t y  th a t  the in dole  system may be a n ecessary  pre­
r e q u is i t e  f o r  th is  r e a c t io n ,  redu ctive  c y c l iz a t io n  employing 
a d i f f e r e n t  aromatic moiety was attem pted. The 3,U~di1Ti9thoxy— 
phenyl system was chosen because i t  was r e a d i ly  a v a i la b le  and 
possessed  the required s u s c e p t i b i l i t y  to  e l e c t r o p h i l i c  a t ta c k .
This proved t o  be a f o r t u n a t e  c h o i c e ,  s i n c e  a s u c c e s s ­
f u l  3 tudy o f  the  r e d u c t i o n  and c y c l i z a t i o n  of th e  q u a ter n a r y
s a l t  ^8 would a ls o  be of b io g e n e t ic  s ig n i f i c a n c e .  A search of
37the l i t e r a t u r e  revealed th at Battersby and Binks had reported  
th at papavarine on treatment with t in  and hydrochloric
so ld ,  y ie ld e d  pavine (1^). These workers f e l t  that the reac­
t io n  proceeded via  a reduction of the hydrochloride s a l t  of  
papavarine to  the corresponding 1 ,2—d ihyd ro isoq u in o lin e  deriva— 
fo llow ed  by acid  ca ta lyzed  c y c l iz a t io n  to  pavine (L^). In 
support of th is  p o s tu la te  they prepared the N-methyl—1 ,2 —d i -  
hydro iso q u in o lin e  d e r iv a t iv e  ij^ and found th a t i t  gave N-methyl— 
pavine (lj-6) on treatment w ith  a c id .
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S i m i l a r l y ,  Huffman and M il le r ^  s y n t h e s iz e d  2 ,3 —d i­
me th o x y b er  b in e  (li9) from a l i t h iu m  alhminum h y d r id e  r e d u c t io n  
o f  the  i s o q u in o l in iu m  s a l t  f o l lo w e d  by a c i d i f i c a t i o n  o f  
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The p rep ara tion  o f  1 f li—dimethoxy—  ^—p h en y le th a n o l(3&)
had p r e v io u s ly  been r e p o r t e d ^ ^ ^ . Huffman reported  a 30%.
y ie l d  o f  the a lc o h o l  on l i th iu m  aluminum hydride r e d u ct io n
o f  3 ,l |i-d im 9thoxyphenylaoetio  a c id  ^>. This was probably due
to  th e  i n s o l u b i l i t y  o f  the acid  21  in  d ie t h y l  e th e r .  Nearly
q u a n t i ta t iv e  y i e ld s  of the a lc o h o l  3 k  were obtained when
tetrah ydrofu ran  was employed as the s o lv e n t .  The bromide 
„„38,k l-43
i L  was prepared by h ea t in g  the a lc o h o l  3k. i n e th e r ,
on the steam cone w ith  an e x c e s s  of phosphorous tribrom ide or 
by a llo w in g  the r e a c ta n ts  to  h ea t a t  r e f lu x  temperature in  
benzene to  which a few drops of p yr id in e  had been added. The 
l a t t e r  method required  l e s s  phosphorous tribrom ide and seemed 
to  g iv e  a product of b e t t e r  p u r i ty .  The y i e l d s  were e s s e n t i ­
a l l y  the same in  both o a s e s .  The d es ir ed  quaternary s a l t  J>8 
was obtained  in  good y i e ld  by h ea t in g  the bromide 32. w ith  3— 
cyanopyrid ine in  the absence of s o lv e n t .
S evera l attempted red u ctio n s  o f  unbuffered aqueous 
s o lu t io n s  of the s a l t  j$8 w ith  sodium d i t h io n i t e  r e s u lte d  in  
a sm all amount of d ihydropyrid ine 32.* which appeared from i t s  
in fra red  spectrum to  be contaminated w ith  a te trah ydropyr id ine  
and w a te r . In th ese  r e a c t io n s  the amount o f  m a te r ia l  obtained  
was q u ite  sm all r e l a t i v e  to  the amount o f  s t a r t in g  m a te r ia l  
employed. I t  was assumed th a t  a la rg e  amount o f the s t a r t in g  
m a te r ia l  remained in  the aqueous s o lu t io n .
A fter  one d i t h io n i t e  red u ct io n  the r e a c t io n  mixture  
was e x tr a c te d  w ith  chloroform  and the e x t r a c t  dried  w ith  an—
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hydrous p o ta ss iu m  c a r b o n a te .  Whan the ch loro form  was removed 
a n e a r ly  w h ite  s o l i d ,  mixed w ith  some w ater, was o b ta in e d .
T his m a t e r ia l  was no lo n g e r  s o lu b le  in  ch loro form  and had an 
in fr a r e d  spectrum  i n d i c a t i v e  o f  a l , i p ,5 ,6 —t e tr a h y d r o p y r id in e .  
When the aqueous p o r t io n  o f  the r e a c t io n  m ixtu re  was sa tu r a te d  
w it h  p o ta ss iu m  o a r b o n a te ,  an o i l  se p a r a te d  w hich  s o l i d i f i e d  on 
o o n ta o t  w ith  ch lo r o fo r m . T h is  m a te r ia l  was shown by i t s  in ­
f r a r e d  spectrum  and m e l t in g  p o in t  t o  be i d e n t i c a l  w i t h  th a t  
i s o l a t e d  from the  ch loro form  e x t r a c t .  The a n a l y t i c a l  and 
s p e c t r a l  data in d ic a te d  t h a t  t h i s  m a t e r ia l  was th e  p otass iu m  
s u l f i n a t e  U.O.
A f t e r  t h i s  work was co m p leted , a paper was p u b lish e d  
by W a l le n fe l s  and Hofmann^ d e s c r ib in g  th e  r e a c t i o n  o f  the  
l,lp—d ih y d r o p y r id in e  %1 w ith  s u l fu r o u s  a c i d .  These w orkers  
su g g e s te d  th a t  the i n i t i a l  product o f  t h i s  r e a c t i o n  i s  the  




I t  does n o t  seem th a t  a mechanism o f  t h i s  type i s  
o p e r a t iv e  in  the  p r e s e n t  s i t u a t i o n .  An adduct s i m i l a r  t o  
52 would n o t  be e x p ec te d  t o  be reduced t o  a s t a b l e  m a te r ia l  
and, i f  a su lp h o n io  a c id  i s  the i n i t i a l  p r o d u c t ,  i t  should  be 
s t a b l e  and r e s i s t a n t  t o  f u r t h e r  r e d u c t i o n . ^  S in ce  th e  rea c—■
!
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t io n  mixture was a c id ic  to  litm us paper, a reasonable mecha­
nism f o r  the produotion of the s u lf in a ta  ijX) would involve  
p rotonation  o f  the l , l 4*-dihydropyridine a t  the ^ p o s i t i o n  
of the p yrid ine r in g  fo llow ed  by n u o le o p h il ic  a t ta c k  of d i -  
th io n i t e  ion  on the 6—p o s i t io n  to  y ie ld  the s u l f in a t e  jj.0 and 
s u l fu r  d io x id e .  Since the su lfu r  atoms in  d i th io n i t e  ion  
bear most of the n egative  charge and s in ce  the su lfu iw au lfu r
bond i s  e x tr a o r d in a r i ly  long (corresponding to  a Pauling bond
61
order of about one th ird )  , a r e a c t io n  o f  t h i s  type i s  not 
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When the sodium d i t h i o n i t e  r e d u c t io n  o f  the s a l t  
was c a r r ie d  out in  the  p resen ce  o f  sodium b ic a r b o n a te  a n d /o r  
in  c o n t a c t  w it h  an im m isc ib le  s o lv e n t  such  as e t h e r  or c h lo r o ­
form , the  d ih y d r o p y r id in e  2 2  d id  n o t  come in  c o n t a c t  w ith  ac id  
and cou ld  be i s o l a t e d .  Treatment o f  th e  d ih y d r o p y r id in e  22 
w ith  anhydrous hydrogen c h lo r id e  in  oh loroform  or w ith  h y d r o ­
c h l o r i c  a c id  in  m ethanol a f fo r d e d  the c y c l i c  p roduct l^L. The 
n u c le a r  m agnetic  reson an ce  spectrum showed t h i s  t o  be the  
sym m etr ica l product 1^ 1 r a th e r  than th e  iso m er ic  product  
( c f .  F igu re  Ij.). Thus the scope o f  the  c y c l i z a t i o n  has been  
extended  and the in te rm ed ia cy  o f  the d ih y d ro p y r id in e  f i r m ly  
e s t a b l i s h e d .  The s u c c e s s f u l  fo rm a tio n  o f  th e  b e n z o q u in o li—  
z in e  f u r t h e r  supported  the p o s s ib l e  b io g e n ic  im portance o f  the  
r e a c t i o n .
The rem ainder o f  t h i s  work was fo c u se d  p r im a r i ly  on 
an a ttem p t to  g a in  ev id e n c e  fo r , or a g a i n s t ,  the  in te rm ed ia cy  
o f  the in d o le n in e  (JJL) in  the c y c l i z a t i o n  o f  the l , [ j f -d ih y d r o -  
p y r id in e  ( 2 9 ) .
j
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attempted I s o la t io n  of an lhdolenine by Lengthening the Side 
Chain
P reparation  and Reduotive C y o liz a t io n  o f  —( in ­
dole—3—y l)p r o p y l)—3-cyanopyridinium Bromide (£ 6 ) .  study
of the redu ctive  c y c l iz a t io n  of the indolylpropylpyrid inium  
s a l t  ^6 was in i t ia t e d  s in c e ,  by extending the chain  connecting  
the indole  and pyrid ine m o ie t ie s  by one oarbon atom, the ir>- 
dolen ine might be I s o la b le ,  due to  the s t e r i c a l l y  more favor­
able six-membered s p ir o -r in g .  The scheme fo r  the preparation  
of the quaternary s a l t  £6 started  w ith  indolep rop ion ic  acid  
(57 ) and fo llow ed  the same route as in  the preparation  of the 
lower homolog 28. The acid was syn thesized  from indole
and a c r y l ic  acid  according to  the method of Johnson and 
31Crosby. The acid  %2. underwent red u ction  r e a d i ly  to  the 
corresponding a lco h o l ^8 w ith  lith iu m  aluminum hydride; how­
ever , the bromination w ith  phosphorous tribromide gave only 
a dark red o i l  whioh was very unstable and could not be puri­
f i e d  e a s i l y .  This o i l  was assumed to  be the bromide on 
the b a s is  of a p o s i t iv e  B e i l s t e i n  flame t e s t  fo r  halogen and 
the la c k  of oxygen—hydrogen s tr e tc h in g  absorption  in  the i n -  
frared  spectrum.
Heating the bromide w ith  3-cyanopyridine gave what
appeared to  be the desired  s a l t  £6 as an unstab le o i l  which 
r e s i s t e d  a l l  attempts a t p u r i f i c a t io n .  Reduction o f  t h i s  
m a ter ia l  w ith  sodium d i th io n i t e  gave, a f t e r  ex ten s iv e  p u r i f i ­
c a t io n ,  a small amount of m ater ia l which appeared to  be the
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c y c l i c  in d o le  6 2 , r a th e r  than  the c y c l i c  in d o le n in e  6>1 on the  
b a s i s  o i  the in fr a r e d  and u l t r a v i o l e t  sp ec tr a  ( c f .  T ab les  I I  
■and IV ) .  No s a t i s f a c t o r y  carbon and hydrogen a n a ly s e s  f o r  
t h i s  m a te r ia l  were ob ta in ed  but th e  s p e c t r a l  data and a s a t i s ­
f a c t o r y  a n a l y s i s  f o r  the  n i t r o g e n  c o n te n t  a l lo w  the a s s ig n ­
ment o f  the in d o le  s t r u c tu r e  6 2 .
The f a c t  t h a t  c y c l i z a t i o n  occurred  i3  n o t  s u r p r i s in g ,  
s in c e  the  r e d u c t io n  was a g a in  c a r r ie d  out under c o n d i t io n s  
which a llow ed  th e  in te r m e d ia te  d ih y d ro p y r id in e  60 t o  come in  
c o n ta c t  w i t h  a c i d .  That the  in d o le  p rod uct 6 2 , r a th e r  than  
the co r re sp o n d in g  in d o le n in e  6 1 ,  was i s o l a t e d  does n o t  r u le  
out th e  in te rm ed ia cy  o f  such an in d o le n in e .  The p o s s i b i l i t y  
of rearrangem ent o f  the In d o le n in e  61 to  the  In d o le  62 must 
be c o n s id e r e d .  Thus, due t o  the e x p e r im e n ta l  d i f f i c u l t i e s  
en cou n tered  in  t h i s  s e r i e s ,  i t  was d ec id ed  t o  c o n t in u e  the  
study  w ith  a s e r i e s  c o n ta in in g  a s u b s t i t u e n t  on the 2—p o s i t i o n  
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Blocking o f  the 2—p o s i t io n  on the Indole Ring w ith  a Phenyl 
S u b st itu en t
P reparation  and Reduction of 2—phenylindol—3—
y l )propyiQ—3-cyanopy r idinium Bromide (6 ^ ) .  The phenyl group 
was chosen as the b lock ing  su b s t itu e n t  w ith  the hope of ir>- 
cr ea s in g  the s t a b i l i t y  of the quaternary s a l t  and i t s  precur­
so r s .  The phenylhydrazone of acetophenone, on treatm ent w ith
32polyphosphoric acid  in  the manner employed by Witkop , af­
forded 2—phenyl ind o le  (61;). For large  sc a le  p rep aration s ,  
the y ie ld  of t h i s  r e a c t io n  could be improved by tr e a t in g  
acetophenone and phenylhydrazine d ir e c t ly  w ith  polyphosphoric  
acid  w ithout i s o l a t in g  the phenylhydrazone. Although the 
product from the l a t t e r  method was q u ite  impure, r e c r y s ta l— 
l i z a t i o n  of the product from h igh  b o i l in g  l i g r o in  gave the
2—phenyl ind ole (61;) o f  s u f f i c i e n t  p u r ity  to  make t h i s  method 
p r a c t i c a l .
The Mannich base 68 was prepared according to  the
27method of Kuhn and S te in .  When running t h i s  r e a c t io n  on a
la r g e r  sc a le  than reported , the a c e t ic  acid  so lv e n t  must be
increased  n early  tw ice as much as the other reagents  to  avoid
e x te n s iv e  d im e r iz a tio n . When a m ethanolic s o lu t io n  of the
Mannich base _68 was allowed to  stand w ith  methyl io d id e ,  a
q u a n t i ta t iv e  y i e ld  o f  tetramethylammonium iod ide was i s o la t e d .
The indole  p o r t io n  of the s t a r t in g  m a ter ia l  was obtained as
a v isc o u s  red o i l  which was not i d e n t i f i e d .
33M adinaveitia obtained s im ila r  r e s u l t s  on tr e a t in g
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gramine (5>ii) with, m ethy l io d id e .  He su g g e s te d  th a t  the  ir>- 
d o le  p roduot was the 3 ~ h y d ro x y m eth y lin d o le  ( 1 0 ) .  The Mannich 
base _68 i s  o d o r le s s  in  the s o l i d  s t a t e ,  but in  s o l u t i o n  the  
pungent odor o f  d im ethylam ine i s  e v i d e n t .  T h is s u g g e s t s  th a t  
the Mannioh base in  s o l u t i o n  i s  in  e q u i l ib r iu m  w ith  i t s  pre­
c u r s o r s  and th a t  the  d im ethylam ine i s  p r e f e r e n t i a l l y  qua t e r — 
n iz e d  -on a d d i t io n  o f  m ethyl i o d i d e .  The o i l y  in d o le  product  
may be the  d iin d o ly lm e th a n e  6j2 r e s u l t i n g  from the r e a c t i o n  o f
3k2—p h e n y l in d o le  and form aldeh yd e.
Treatment o f  the Mannich b ase’ 68 w ith  sodium c y a n id e ,
in  the same manner used in  the p r e p a r a t io n  o f  in d o le  a c e t i c
26a c id  (32 )  . gave o n ly  a v er y  sm a ll  y i e l d  o f  what ap peared ,  
from the in fr a r e d  spectrum , t o  be S -p h e n y l in d o l—3-*yl a c e ta — 
mide ( 7 1 ) .  This m a t e r ia l  was q u i t e  r e s i s t a n t  t o  h y d r o ly s i s  
and was r e c o v e r e d  unchanged a f t e r  tr e a tm e n t  w it h  l i th iu m  
aluminum h yd r id e  f o r  two h o u r s .
Snyder and coworkers^ had prepared in d o l—3—y lp r o p io n ic
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acid  {51) by a lk y la t in g  malonic e a te r  w ith  gramine {^b )^ in  
the presence of potassium hydroxide, fo llow ed  by h y d ro ly s is  
and d ecarb oxy la tion . Thus e th y l  oyanoacetate was a lk y la ted  
w ith  2—phenylgramine (58 ) .  However, the a lk y la t io n  product,  
a f t e r  h y d r o ly s is ,  was u nstab le  and decomposed on attempted  
decarb oxy la tion .
The 2—phenylindol—3—ylp rop ion io  acid  (6£) was pre­
pared by tr e a t in g  2—phenyl ind o le  (61i) w ith  a c r y l ic  acid  and 
a c e t ic  anhydride. R e c r y s ta l l iz a t io n  of the acid from a l­
cohol caused e s t e r i f i c a t i o n .  Reduction of the acid  w ith  
l ith iu m  aluminum hydride afforded the a lc o h o l j66 in  good 
y i e l d .  When a sample of the a looh o l 66 was r e c r y s ta l l iz e d  
by a llow in g  a benzene s o lu t io n  of i t  to  evaporate a t  room 
temperature, the product ex h ib ited  no oxygen-hydrogen absorp­
t io n  in  the Infrared spectrum. Carbon and hydrogen analyses  
a ls o  in d icated  that the a lco h o l 66 had undergone transforma­
t io n  but the product was not ch a ra c te r ized . Molecular models . 
of the acid  6£ and the a lc o h o l _66 in d ica te  th a t ,  when the 
phenyl r in g  i s  nearly  coplanar w ith  the indole r in g ,  a con­
d i t io n  required fo r  maximum resonance s t a b i l i z a t i o n  of the 
system, strong s t e r ic  in te r a c t io n  i s  encountered between the 
ortho—hydrogen of the phenyl su b s t itu e n t  and the su b s t itu e n t
'  *3 A
on the 3—p o s i t io n  o f  the indole r in g .  Kamlet and Dacons
found, from a comparative study of the u l t r a v i o l e t  absorption
spectra o f  2—a ry l in d o le s ,  that in  2—phenyltryptophan ( 73)«
the phenyl r in g  i s  forced  36° but: of the plane of the indole  
r in g .
ii
I
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F u r th er  i n s p e c t i o n  o f  the  m odels i n d i c a t e s  t h a t  a 
f a v o r a b le  c o n fo rm a tio n  o f  th e  s id e  c h a in  on th e  3*~P osition  
o f  th e  in d o le  r i n g ,  due t o  the  s t e r i c  req u irem en t o f  th e  
p h en y l r i n g ,  i s  one in  w hioh  th e  te r m in a l  group l i e s  over  
the p lane  o f  the f-iv.a—membered r in g  o f  th e  in d o le  n u c le u s .  
Thus, the  u n u s u a l ly  f a c i l e  e s t e r i f i c a t i o n  o f  the a c id  6^ 
and th e  tr a n s fo r m a t io n  o f  th e  a l c o h o l  may be due t o  some 
in tr a m o le c u la r  c a t a l y t i c  a c t i o n  by the p y r r o le  p a r t  o f  the  
in d o le  n u c le u s .
The la r g e  s t e r i c  re q u irem en ts  of the  p heny l r in g  may 
a l s o  acoou n t f o r  the i n s t a b i l i t y  o f  the bromide 6J_ and the  
s a l t  S e v e r a l  a ttem p ted  p r e p a r a t io n s  o f  th e  bromide 6 7 .
in  th e  manner used in  the p r e v io u s  two c a s e s ,  r e s u l t e d  in  
r e c o v e r y  o f  the  s t a r t i n g  a l c o h o l  66 or in  t o t a l  d e c o m p o s it io n .  
F i n a l l y ,  by h e a t in g  a benzene s o l u t i o n  o f  th e  a l c o h o l  66 and 
phosphorous tr ibroro ide w ith  a few  drops o f  p y r id in e ,  a good  
y i e l d  o f  th e  bromide 62. was o b ta in e d .
+ CH^ =CHGOOH
.CHoCHoCHpBr
H  H  A-766 6?








No attempted quatern iza tion  of 3—cysnopyridine w ith  
the bromide 6£, however, was su c c e s s fu l .  In every case only 
a dark, h e a t - s e n s i t iv e .e t h e r - in s o lu b le  o i l  was obtained.
This m ater ia l r e s is t e d  a l l  attempts at p u r i f i c a t io n .  Reduc­
t io n  o f  the crude o i l  w ith  sodium d i t h io n i t e ,  in  the presence 
of a sm all amount of sodium bicarbonate, re su lted  In a crude 
o i ly  product which appeared, from I t s  infrared spectrum, to  
be a mixture of the l,lfr-dihydropyridine an<3 unreacted s a l t  
62. This mixture was quite unstable and could not be sepa­
ra ted .
Thus i t  seems that the phenyl su b stitu en t  on the 2—
p o s it io n  does not confer the desired  s t a b i l i t y  on the indole
system, but a c tu a l ly  con tr ib u tes  to  the i n s t a b i l i t y  of the
system due to. the s t e r ic  in ter feren ce  a t the 3—p o s it io n  of the
indole r in g .  For t h i s  reason the 2—phenylindole s e r ie s  was 
abandoned.
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P r e p a r a t io n  and R ed u ctiv e C y c l i z a t i o n  o f  N—C^ > —(2-
m eth y lin d o l-r3—yl)athy!Q -~3—cyanopyrid in ixja i Bromide (JJ)*
S in ce  the p h en y l s u b s t i t u e n t  on the 2—p o s i t i o n  o f  the in d o le  
r in g  proved u n fa v o r a b le ,  due to  i t s  la r g e  s t e r i c  r e q u ir em en t,  
th e  s m a l le r  m ethy l group was em ployee as  the  b lo c k in g  s u b s t i ­
t u e n t .  The s y n t h e s i s  o f  e t h y l  2—m e th y l in d o l—3—y lp r o p io n a te
J y
( 7 8 ) has p r e v i o u s l y  been r e p o r te d .  T h is m a t e r ia l  was co n ­
v e r te d  in  good y i e l d  t o  th e  a l c o h o l  However, due bo
p r e v io u s  s y n t h e t i c  d i f f i c u l t i e s  in v o lv in g  the p ro p y l s id e  
c h a in ,  i t  was d ec id ed  t o  a tte m p t the  p r e p a r a t io n  o f  the s a l t  
w ith  the e t h y l  s id e  c h a in ,  JJ_, A lthough  the p rod uct o f  the  
c y c l i z a t i o n  o f  would be the  in d o le n in e  8^ w i t h  a s p i r o -5—
membered r i n g ,  i f  an in d o le n in e  were form ed, 81^  was ex p ec te d  
to  be i s o l a b l e .  The 2 -m eth y l—3—sp ir e w p e n ta n o in d o le n in e  85 
i s  a known compound and i s  q u i t e  s t a b l e .
The r e a c t i o n  scheme f o r  the p r e p a r a t io n  and r e d u c t iv e  
c y c l i z a t i o n  o f  th e  s a l t  i s  o u t l in e d  in  F ig u re  2 .  The 
method r e p o r te d  f o r  the p r e p a r a t io n  o f  th e  p r o p io n a te  e s t e r  
78 was r e a d i l y  ex ten d ed  t o  the p r e p a r a t io n  o f  the  a c e t a t e  
e s t e r  8 0 .  R ed u ctio n  to  th e  a l c o h o l  j3 l,  f o l lo w e d  by bromi— 
n a t io n ,  a f fo r d e d  th e  h a l id e  .82. The a l c o h o l  81 and the
[i 9
bromide .82 had p r e v i o u s l y  b een  p rep a red . Q u a te r n iz a t io n  
o f  3—c y a n o p y r id in e  w it h  the  bromide 82 in  the  u s u a l  manner 
gave th e  d e s ir e d  s a l t  7 7 .
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A s u s p e n s io n  o f  the s a l t  77 in  aqueous sodium b i­
c a r b o n a te ,  ov er  a l a y e r  o f  ch lo r o fo r m , was t r e a t e d  w ith  
sodium d i t h i o n i t e .  The p r o d u c t ,  as ev id e n c ed  by i t s  in f r a ­
red spectrum  ( c f .  Table I ) ,  was the d ih y d r o p y r id in e  8 3 . 
Treatment o f  t h i s  d ih y d r o p y r id in e  w ith  anhydrous hydrogen  
c h lo r id e  i n  ch lo r o fo r m , or  b e t t e r ,  w ith  aqueous h y d r o c h lo r ic  
a c id  added t o  a m eth a n o lic  s o l u t i o n  w ith  a steam o f  n i t r o g e n  
b u b blin g  th r o u g h ,a f fo r d e d  a s o l i d ,  the in fr a r e d  and u l t r a ­
v i o l e t  sp e c tr a  o f  which in d ic a t e d  the 1 , 4 , 5 * 6—t e tr a h y d r o -  
p y r id in e  sy stem . Q u a n t i ta t iv e  a n a ly s e s  f o r  carbon, hydrogen ,  
and n i t r o g e n  showed t h i s  m a te r ia l  to  be iso m er ic  w ith  the d i— 
h y d ro p y r id in e  8 j .  Thus t h i s  m a te r ia l  must be a c y c l i z a t i o n  
product o f  the d ih y d ro p y r id in e  8 3 *
There are  fo u r  re a so n a b le  p ro d u cts  w hich  may r e s u l t  
from e l e c t r o p h i l i c  a t t a c k  on the in d o le  r in g  by the 6—carbon  
atom o f  th e  p y r id in e  system . The f i r s t  o f  th e s e  i s  the indo— 
l e n in e  J34  r e s u l t i n g  d i r e c t l y  from a t t a c k  a t  the 3 ' - p o s i t io n  o f  
the in d o le  r i n g .  The second , the in d o le n in e  £££, would r e s u l t  
from a c id  c a ta ly z e d  rearrangem ent o f  the  in d o le n in e  81j- or 
from i n i t i a l  a t t a c k  a t  the 2—p o s i t i o n  o f  the in d o le  n u c le u s ,  
fo l lo w e d  by a 1 ,2 —s h i f t  o f  the  m eth y l grou p . The o th e r  two 
p o s s i b l e  s t r u c t u r e s  b o th  r e t a i n  the in d o le  n u c le u s .  One o f  
t h e s e ,  8 8 , cou ld  a r i s e  from e l e c t r o p h i l i c  a t t a c k  a t  the Ip— 
p o s i t i o n  o f  the in d o le  r in g  and the o th e r ,  _86, from a t t a c k  
d i r e c t l y  on the 2—m eth y l group .
There are s e v e r a l  ob v ious d i f f e r e n c e s  betw een  an 
in d o le  and an in d o le n in e .  The m ost marked, o f  c o u r s e ,  i s  the
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presence of a hydrogen on the n itro g en  in  the indole system. 
The presence of absorption  in  the n itrogen —hydrogen s t r e tc h ­
ing reg ion  o f the infrared spectrum of the c y c l iz a t io n  product 
a t  3I4.7O ertT1 and 33^ 4-0 cm"0- ( c f .  Table I I )  i s  good evidence fo r  
the presence of the indole system rather than the indolenine  
system. A second d iffer e n c e  between the two systems l i e s  in  
the r e la t iv e  b a s i c i t i e s  of the n itrogen  atoms. The n itrogen  
in  the indole r in g  system i s  very weakly b a s ic ,  whereas the 
indolen ine system conta ins a stron g ly  b asic  n itrogen . The
sp i r o -pe ntanoind o le  nine 85 re a d ily  forms a s a l t  on treatment
1l8w ith  hydrochloric  a c id . Thus, i f  the c y c l iz a t io n  product 
were an in d o len in e , i t  should have been is o la te d  from the 
r e a c t io n  mixture as a hydrochloride s a l t .  That t h i s  was not 
the case was apparent from the a n a ly t ic a l  data and the lack  
of absorption  in  the —IWI s tre tc h in g  reg ion  of the in fra­
red spectrum.
The presence of a carbon—n itrogen  double bond in  the 
indolen ine stru ctures, 81^  and c o n s t i t u te s  another means of 
e lim in a tin g  these s tru ctu res  from co n s id er a tio n . The indo­
len in e  carbon-nitrogen double bond should be reduced by sodium 
borohydride; however, a sample of the c y c l i z a t io n  product, 
when treated  w ith  sodium borohydride, showed no change in  i t s  
u l t r a v io l e t  spectrum.
Thus, i t  appears that the c y c l iz a t io n  product i s  not 
an Indolenine and, fu r th e r ,  th a t  an indolen ine i s  not i n t e r —-  
mediate in  the c y c l iz a t io n  of 1,1k-dihydropyridines to  the
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c o r r e s p o n d in g  i n d o l o q u i n o l i z i n e  d e r i v a t i v e s .
The d i s t i n c t i o n  b etw een  the  two p o s s i b l e  in d o le  
p r o d u c ts  i s  l e s s  a p p a r e n t .  The T act t h a t  a m eth y l  group on 
th e  2—p o s i t i o n  o f  an in d o le  r in g  i s  a c t i v e  h a s  b een  demon­
s t r a t e  d . ' ^ , '^ '*‘ Szmu3z k o v ic z^ '1' i s o l a t e d  th e  c a r b a z o le  8% by  
warming 2—m e t h y l in d o le  (9 0 )  w i t h  m e th y lv in y lk e to n e  and o x i ­
d i z i n g  th e  p rod u ct w i t h  h y d r o q u in o n e .
C U





The ip—p o s i t i o n  o f  th e  in d o le  n u c le u s  i s  the p o s i t i o n
o f  lo w e s t  e l e c t r o n  d e n s i t y ^  and e l e c t r o p h i l i c  a t t a c k  a t  t h a t
s i t e  seems u n l i k e l y  under the c o n d i t i o n s  o f  the  c y c l i z a t i o n .
An a n a lo g y  f o r  a c y c l i z a t i o n  o f  t h i s  typ e  may be drawn from
52th e work o f  Ager and May. These w ork ers  r e p o r te d  th e  suc­
c e s s f u l  c y c l i z a t i o n  o f  th e  t e t r a h y d r o p y r id in e  t o  the  b i— 
c y c l i c  sy stem  ,22. A lth ou gh  the  s i t e  o f  c y c l i z a t i o n  in  th e  
c a s e  r e p o r te d  by t h e s e  w ork ers  may be more r e c d p t iv e  toward  
e l e c t r o p h i l i c  a t t a o k  th an  the  ip - p o s i t io n  o f  th e  in d o le  n u c le u s ,  
th e  f a c t  t h a t  th e  e l e c t r o p h i l e  i s  a h in d e r e d  o l e f i n i c  double  
bond, r a t h e r  th an  an u nh in dered  enamine doub le  bond, makes t h i s  
a poor a n a lo g y .  I t  i s  w o rth  com paring th e  c o n d i t i o n s  employed  
in  b o th  i n s t a n c e s ,  h ow ever . In  th e  work h e r e i n  r e p o r te d ,  the
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
32
c y c l i z a t i o n  took p la c e  alm ost in s ta n ta n e o u s ly  a t  room tempera­
tu r e ,  w h ile  the c y c l i z a t i o n  o f  £1  requ ired  twenty hours a t  
135—llj-O0 in  the presence o f  ij.8  ^ hydrobromic a c id .  I t  would 
be most s u r p r is in g ,  i f  e l e c t r o p h i l i c  a t ta c k  a t  the im p o s it io n  
of the in d o le  r in g  occurred under such mild c o n d it io n s  as 
reported  h e r e .
The n u c lear  m agnetic resonance spectrum of the c y c l i — 
z a t io n  produot, although i t  did not a llow  u nequ ivocal a s s ig n ­
ment o f the s tr u c tu r e  616 ( c f .  F igure 6 )  was in c o n s is t a n t  w ith  
s tr u c tu r e  J38. The r e l a t i v e  in te g ra ted  i n t e n s i t i e s  of the  
bands requ ire  fo u r  aromatic hydrogens on the in d o le  n u c le u s .  
This f a c t ,  a long w ith  the l o s s  of a b so rp tio n  due to  the methyl 
group in  the in frared  spectrum, a llo w s  assignm ent of the 
s tr u c tu r e  _86 to  the product from the c y c l i z a t i o n  o f  the d i— 
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S p e c t r a l  S tu d ie s  o f  l.lji—D ih y d ro -  and 1 . k . 5 .6 —fcetra— 
hydropyrid  in e a . During the  c o u r se  o f  t h i s  i n v e s t i g a t i o n ,  
due t o  th e  i n s t a b i l i t y  o f  s e v e r a l  o f  the  m a t e r ia l s  o b ta in e d ,  
s p e c t r a l  te c h n iq u e s  were n e c e s s a r y  f o r  a n a l y t i c a l  p u r p o se s .  
In  two c a s e s  n u c le a r  m agn etic  reson an ce  was employed as an 
a id  in  s t r u c t u r a l  e l u c i d a t i o n .  U l t r a v i o l e t  s p e c tr o s c o p y  
proved u s e f u l  in  d i s t i n g u i s h i n g  betw een d ih y d r o p y r id in e s  and 
t e t r a h y d r o p y r id in e s  and in  s tu d y in g  r e a c t io n s  from w hich  no 
s t a b l e  m a t e r ia l  cou ld  be i s o l a t e d .  By f a r ,  however, the  
major p o r t io n  o f  the s p e c t r a l  e v id e n c e - was ob ta in ed  w ith  an  
in fr a r e d  sp ec tr o p h o to m eter ,
a . In fr a re d  sp e c tr a
Two in fr a r e d  sp ec tr o p h o to m eter s  were employed in  
t h i s  w ork. Most o f  the sp e c tr a  determ ined in  the e a r l i e r  
p a r t  o f t h i s  i n v e s t i g a t i o n  were recorded  on a P erkin -E lm er  
Model 21 In fra re d  S p ectro p h o to m ete r . The sp e c tr a  determ ined  
in  the  l a t e r  work were o b ta in ed  from a P erk in -E lm er Model 
137B I n fr a c o r d .  The In fr a co r d  a f fo r d e d  b e t t e r  r e s o l u t i o n  
and, onoe i t  became a v a i l a b l e ,  was p r e f e r a b le  f o r  r o u t in e  
a n a l y t i c a l  s p e c t r a .  The major d isa d v a n ta g e  o f  t h i 3  i n s t r u ­
m ent, and th e  o n ly  one en cou n tered  in  the  p r e s e n t  i n v e s t i ­
g a t i o n ,  I s  the sm a ll  s i z e  o f  the  c h a r t  paper on w hich  the  
spectrum i s  r e c o r d e d . .  T h is makes p r e c i s e  r e a d in g s  o f  the  
p o s i t i o n s  o f  the bands d i f f i c u l t  (an  e r r o r  o f  10 om"^ I s  
p o s s i b l e  in  the carbon—hydrogen s t r e t c h i n g  r e g i o n ) .  T h is  
d i f f i c u l t y  was compounded by the  f a c t  t h a t ,  In  s e v e r a l  in ­
s t a n c e s ,  sp e c tr a  determ ined  w ith  one in stru m e n t  were com—
Ii .
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pared w ith  spectra obtained w ith  the o th er , A lso , most spec­
tra of the pyridinium s a l t s  and the tetrahydropyrid ines were 
determined as halocarbon m ulls in  the reg ion  from ij-000 cm"1 
to  1300 cm” 1 and Nujol m ulls from 1300 crrT-1 to  6^0 onT*1 , 
whereas most spectra of the corresponding .dihydropyridines  
were determined in  the l iq u id  phase as f i lm s .  The dihydro-  
p yrid in es  were g e n er a lly  obtained as o i l s  which did not 
c r y s t a l l i z e .  These problems obviate any meaningful d iscu s­
s io n  o f  small changes in  in t e n s i ty  or minor 3 h i f t s  in  wave­
len g th  of absorption  involved in  the t r a n s i t io n  from pyri— 
dinium s a l t  to  dihydropyridine or from dihydropyridine to  
tetrahydropyrid ine . Consequently, the bands d iscussed  in  
t h i s  s e c t io n  and those l i s t e d  in  Tables I and II  are only  
those bands which represent gross changes involved in  the 
t r a n s i t io n  from one system to  another and may be said to  be 
tr u ly  c h a r a c te r is t ic  of the g iven  system. An error of 10 cm”1 
in  the oxygen-hydrogen, n itrogen—hydrogen, and carbon-hydrogen 
s tr e tc h in g  reg ions and 5 cm”’1 in  other reg ions should be' 
allowed fo r  the spectra obtained w ith  the Infraoord.
The spectra are l i s t e d  in  Tables I and I I  according  
to  the number o f  the compound and the number of the spectrum. 
The spectrum number i s  preceded by the number "HI” , ind i­
c a t in g  that i t  was obtained w ith  the Model 21 spectropho­
tometer, or by the l e t t e r s  “In", r e fe r r in g  to  the Infracord  
spectrophotometer. AH infrared spectra are on f i l e  a t  the
U n iv ers ity  of New Hampshire.
20Nelson has studied the changes exh ib ited  in  the
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
35
in fr a r e d  sp ectra  o f v a r io u s  3— s u b s t i tu te d  p y r id in e s  on con­
v e r s io n  to  the quaternary s a l t .  This study was q u it e  con>- 
p le t e  and the sp ectra  o f  the pyridinium  s a l t s  obta ined  in  the  
p r ese n t  in v e s t i g a t i o n  c o r r e la t e  w e l l  w ith  the c h a r a c t e r i s t i c  
a b so rp tio n  r e p o r te d . N elson  a l s o  rep orted  the in fr a red  spec­
tra of s e v e r a l  d ih y d ro p y r id in es  and in d ic a te d  the c h a r a c te r is ­
t i c  changes in vo lved  in  the t r a n s i t i o n  from quaternary s a l t  
to  d ih y d ro p y r id in e . However, in  every  ca se  rep o r ted , the 3— 
s u b s t i t u e n t  on the p y r id in e  r in g  con ta in ed  a carbonyl group. 
Since the 3—s u b s t i tu e n t  markedly a f f e c t s  the s p e c tr a l  proper­
t i e s  o f  the 1,1}.—d ih y d ro p y r id in e s ,  i t  i s  not s u r p r is in g  th a t  
the sp ectra  o f the 3—cyano-1,1}—d ihyd rop yrid ine  s are q u ite  
d i f f e r e n t  from those r e p o r ted . Thus in  Table I are l i s t e d  
bands w hich re p r e se n t  g r o s s  d i f f e r e n c e s  between the spectrum  
of the p a r t ic u la r  3—cy a no-1,1}—d ih yd rop yrid ine  and the spec­
trum of  the s a l t  from which i t  was o b ta in ed .
The d ihyd ropyrid ine 21}. was obtained  as a s o l i d .  The 
other d ih y d r o p y r id in e s ,  2,2, 22* §2* 22* an<3 .2k»WQr6 obtained  
as o i l s .  These o i l s  bound p o la r  s o lv e n t s  ra th e r  t e n a c io u s ly  
as evidenoed by the appearance of a b so r p t io n  a t  3500—3l}-00 cm"1. 
This a b so rp tio n  i s  a ss ig n e d  to  w ater and i s  p resen t  even  in  
the absence o f n itr o g e n —hydrogen s t r e t c h in g  a b so r p t io n .  In  
f a o t ,  the d ih yd rop yrid ine  J2 ,  which was s t a b le  enough t o  be 
se n t  f o r  a n a l y s i s ,  con ta in ed  a m olecu le  o f  w a ter .
G e n era lly ,  a c o n s id e r a t io n  of the s t r u c t u r a l  d i f ­
f e r e n c e s  between a pyrid in ium  s a l t  and a 1,1}—d ih y d r o p y r id in e , 
su g g e s t s  s e v e r a l  d i f f e r e n c e s  which should be p r e se n t  in  the
i{
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oarboi>4iydrogen s tr e to h in g  re g io n , A s in g le  v in y l  hydrogen 
a t  the 2—p o s i t io n  o f  the dihydropyridine r in g  along w ith  the 
o l s  v in y l  hydrogens a t  the 5— and 6—p o s i t io n s  should show 
absorption  between 30^0 and 3010 cm""1 ; the methylene group 
generated a t  the im p o s it io n  would be expected to  absorb near 
2930 cm""1 and 2850 cm"*1 . In every ca se ,  however, the sufcv- 
s t i t u e n t  on the pyrid ine n itrogen  contained aromatic hydrogens 
and a t  l e a s t  one methylene group. Consequently, absorption  in  
these  reg ions i s  not ob viously  c h a r a c te r is t ic  of the dihydro­
pyrid ine system.
The 2200 cnT*1 reg ion , on the other hand, i s  much more 
u s e f u l .  The n i t r i l e  absorption  in  3—cysnopyrid ine appears as 
a stron g , sharp band a t  22h5 cnT"1 . In a l l  c a s e s ,  on q u ater -  
n iz a t io n  o f  3—cyanopyrid ine, the n i t r i l e  absorption  appears 
between 2255 cm*"1 and 2235 cm""1 . In the s a l t s ,  however, the
band i s  extrem ely weak and i s  not seen u n le ss  the spectrum
i s  determined as a concentrated m u ll .  A fter  reduction  to  the 
corresponding l,ij.—dIhydropyridine, t h i s  band appears as a 
very stron g , sharp peak between 2210 c n f1 and 2195 om” 1 .
B ellam y^  l i s t s  the l im i t s  f o r  n i t r i l e  absorption  as
2260 to  2215 ora’"’1 w ith  few examples in  the lower range. The1
remarkably low absorption  in  the case of the d ihydropyridines
23su ggests  a unique s tr u c tu r a l  e f f e c t .  Druey and Schanker 
in  t h e ir  d isc u ss io n  of the spectrum of U-raethyl—l,i|.-dihydro-> 
3-cyanopyridine (26), su ggest th a t the d ihydropyridine Is  
a c tu a l ly  a resonance hybrid. Considering the dihydropyridine  
system as a resonance hybrid of the can on ica l forms shown in
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F ig u r e  3> an e x p la n a t io n  o f  th e  a b s o r p t io n  a t  2200 cm""1 i s  




b u t io n  o f  th e  d ip o l a r  c a n o n ic a l  form B t o  th e  re so n a n c e  hy­
b r i d .  The s t a b i l i t y  c o n fe r r e d  on the  n i t r i l e  group in  t h i s  
system  i s  c o n s i d e r a b l e .  The n i t r i l e  i s  q u i t e  u n r e a c t iv e  and 
r e s i s t e d  a l l  a t te m p ts  a t  h y d r o l y s i s .
In  a d d i t i o n  t o  th e  s tr o n g  a b s o r p t io n  n ea r  2200 cm’"’1 , 
th e r e  are  two o th e r  bands w h ich  a l lo w  i d e n t i f i c a t i o n  o f  the
3—cyano—l,lf.—d ih y d r o p y r id in e s .  These bands o ccu r  a t  1680—
1675 cm"’1 and 1605—1595 crrT'1 and are  b o th  v e r y  s t r o n g .  Druey  
and S ch en ker a s s ig n e d  t h e s e  bands to  C=C a n d /o r  C=N s t r e t c h ­
in g  v i b r a t i o n s  b u t  made no a tte m p t t o  d i s t i n g u i s h  b etw een  them.
20N e ls o n  found t h a t  th e  s t r o n g  band a t  1603—1592 cm""1 
in  th e  in f r a r e d  a b s o r p t io n  o f  v a r io u s  p y r i d i n e s  i s  s h i f t e d  to  
1662—1625 cm"*1 on q u a t e r n i z a t i o n ,  accom panied by a d e c r e a s e









F i g .  3
CH-
B
One compound w i t h  the  C=C=N bond system  i s  known
+ —
i t  a b so rb s  a t  20lj-5 cm""1 . That d iazom ethane (H2C=N=N) 
carbod iijmide s (R—N=C=N—R) show a b s o r p t io n  a t  2110 cm"*1
2150 cm r e s p e c t i v e l y ,  a l s o  a rg u e s  f o r  a la r g e  o o n t r i —
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in  i n t e n s i t y .  This band, in  the pyridinium  s a l t s ,  was ass ign ed  
to  the s t r e tc h in g  v ib r a t io n .  The sp ectra  of the 3—■cyano—
pyridinium  s a l t s  a l l  co n ta in  a band a t  1637—1627 cm” 1 of medium 
t o  strong i n t e n s i t y .
An assignm ent o f  the 1680 cm"1 band to  the C=C s t r e t c h ­
ing v ib r a t io n  o f  the 5 ,6 —double bond and the 1605 cm"*1 band to  
the C*N8J v ib r a t io n  can be made. This su g g e s ts  a h igh  c o n tr i ­
b u t io n  o f the c a n o n ica l form B to  the resonance h ybrid . The 
h ig h  energy ab sorp tion  of the 5 ,6 —double bond su g g es ts  th a t  
there i s  very  l i t t l e  co n ju g a t iv e  e f f e c t  and th a t  the ca n o n ica l  
form C makes l i t t l e  c o n tr ib u t io n  to  the ground s t a t e  resonance  
h yb r id .
These assignm ents are suported by a c o n s id e r a t io n  of  
the sp ectra  o f  the corresponding 3—cyano—1 , 14-,5 , 6—tetrah ydro— 
p y r id in e  d e r iv a t iv e s .  In the te tra h y d ro p y r id in es  the absorp­
t io n  a t  1680 cnT*1 d isappears and the 1605 cm” 1 band s h i f t s  to  
1630 cm*”1 . The 1630 cm*"1 a b so rp tio n  Is  In the re g io n  o f  the 
C=M£) s t r e tc h in g  v ib r a t io n  seen  in  the quaternary s a l t s  and 
s u g g e s ts  th a t  the ca n o n ica l form analogous to  B, w ith  a satu­
rated  5 ,6 —bond, makes an even g r e a te r  c o n tr ib u t io n  to  the 
resonance hybrid o f  the te trah yd rop yr id in e  than does B to  the 
resonance hybrid of the d ih y d ro p y r id in e . The la rg e  c o n tr i ­
bu tion  o f  the p o la r  form i s  r e f l e c t e d  in  the h igh  m elt in g  
p o in ts  o f  the te tra h y d r o p y r id in e s  and t h e i r  g e n e r a l  in s o lu ­
b i l i t y  in  non—p o la r  s o lv e n t s .
The enamines r e s u l t in g  from the r e a c t io n  o f  p y r r o l i ­
d ine or morpholine w ith  oyclohexanone and N-raethyl—ij.—p ip e r i—
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done e x h i b i t  s t r o n g  a b s o r p t io n  n ear  1650 cm"-1 in  t h e i r  in f r a ­
red s p e c t r a .  In  t h e s e  o a s e s  the p—e l e c t r o n s  on th e  n i t r o g e n  
atom are f r e e  t o  o v e r la p  w i t h  the  *tt —e l e c t r o n s  o f  the double  
bond and h e n c e ,  th e  a b s o r p t io n  o c c u r s  a t  lo w er  fr e q u e n c y  than  
th a t  o f  the  r e l a t i v e l y  u n con ju gated  5 , 6 —"double  bond o f  the  
d ih y d r o p y r id in e  sy s te m .
The rem ain in g  bands in  the  d ih y d r o p y r id in e  s p e c tr a  
are l e s s  u s e f u l  f o r  p u rp o ses  o f  i d e n t i f i c a t i o n .  As m entioned  
b e f o r e ,  th e  main s t r u c t u r a l  d i f f e r e n c e s  b etw een  the  p y r id in iu m  
s a l t s  and c o r r e sp o n d in g  l,Jf-—d ih y d r o p y r id in e s  are  the m eth y len e  
group a t  the  Ij~ -posit ion , the  c i s  v i n y l  hydrogen s a t  the 5 , 6 —  
p o s i t i o n s ,  and the s i n g l e  v i n y l  hydrogen  on the 2—p o s i t i o n  o f  
the d ih y d r o p y r id in e  r i n g .  ' The a b s o r p t io n  due t o  the m eth y l­
ene group i s  o f  l i t t l e  u se  In  the  c a s e s  s t u d ie d .  The ch a ra c­
t e r i s t i c  a b s o r p t io n  due t'o the  out o f  p la n e  d e fo rm a tio n  o f  
the  c i s  v i n y l  h ydrogen s a t  700 cm""1 I s  g e n e r a l l y  ob fus­
ca te d  by a b s o r p t io n  o f  th e  arom atic  n u c l e i .  Medium t o  weak  
a b s o r p t io n  a t  715—705 cm'"'1 ap pears  in  a l l  s p e c tr a  o f  d ih y d ro — 
p y r id in e s  w h ich  may be a t t r i b u t e d  t o  t h e s e  hydrogens* The 
s p e c tr a  o f  a l l  o f  the  d ih y d r o p y r id in e s  examined have a s tr o n g  
t o  medium band a t  l i f lB —llf.07 c irf1 w hich  can be a s s ig n e d  t o  the  
in —p la n e  b en d in g  mode o f  th e  c i s  v i n y l  h y d ro g en s .
The o th e r  bands w hich  appear t o  be c h a r a c t e r i s t i c  o f  
th e  d ih y d r o p y r id In e  system  are n o t  r e a d i l y  a s s i g n e d .  S e v e r a l  
sp e c tr a  show a s tr o n g  to  medium band a t  I 36O cm"*1 where o n ly  
weak a b s o r p t io n  was ap p aren t in  the  c o r r e sp o n d in g  q u atern ary  
s a l t s .  S tro n g  t o  medium a b s o r p t io n  appeared  in  a l l  s p e c t r a ,
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except those of the cyanide a d d it io n  products, 21  and .2k* 
1315-1320 cirT"1 and in  every case a t  I l8 0 ~ ll i j5  cm"'1 . Two 
oth er bands of v a r ia b le  in t e n s i t y ,  which appeared to  be charac­
t e r i s t i c  of the dihydropyridine system, were seen a t  1050—
1012 cirT1 and 1000-970 cm""1 . By and la r g e ,  however, the most
»
c h a r a c te r is t ic  absorption  o f  the 3~<3y an<>™'l>4™<^ i i^y^r,0Pyr;^^^n9 
i s  th a t  occurring near 2200 cm” 1 , 1680 cm”*1 , and 1605 cm”*1 .
The transform ation of a ljij.-rdihyd ropy r id  ine to  a 1,1|, 
5 ,6 —tetrahydropyrid ine i s  r e a d i ly  in d ica ted  by a comparison of 
the infrared  sp ec tra . Baldwin , in  a study of the infrared  
and u l t r a v io l e t  spectra of en a m in o n itr iles  of the type 
H2N-C=O-0N, assigned the bands occurring in  the 1616—1608 cm” 1 
reg ion  to  a C=C s tr e tc h in g  v ib r a t io n .  This i s  not c o n s is te n t  
w ith  the data obtained from the te trah ydrop yr id ines . As 
mentioned above, the p h y sica l p ro p ert ie s  of the tetrahydro­
p yrid in es  suggest th a t the charge—separated resonance form 
makes a la r g e r  co n tr ib u t io n  to  the resonance hybrid in  the 
case of the tetrahydropyrid ines than in  the case of the di— 
hydropyrid ines. Thus, fo r  example, the dihydropyridines are 
in s o lu b le .  One would, th e re fo re , expect the 2 ,3 —carbor>-carbon 
bond to  have grea ter  s in g le  bond ch aracter  in  the tetrahydro— 
p y r id in e . I f  the absorption  a t 1605 cm*”1 in  the dihydropyri— 
dines i s  assigned to  the 2 ,3 —carbon—carbon bond, a s h i f t  to  
lower frequency would be expected on conversion  to  the te tr a — 
hydropyridine s .  Jill o f  the tetrahydropyrid ines examined 
showed strong ab sorption  a t  1630 cm"”1 as the most ch a ra c te r is ­
t i c  band in  the spectrum. This s h i f t  to h igher frequency on
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g o in g  from d ih y d ro — t o  t e t r a h y d r o p y r id in e s  i s  b e t t e r  e x p la in e d
fr e q u e n c y  in  the  2200 cm*” 1 r e g io n  in  th e  t e t r a h y d r o p y r id in e s .  
T h is s h i f t ,  h ow ever, must be v iew ed  s k e p t i c a l l y  s in c e  the  
s p e c tr a  were determ ined  in  d i f f e r e n t  s t a t e s  and t h i s  r e g io n  o f  
the spectrum  i s  d i f f i c u l t  t o  read w i t h  a c c u r a c y .
E x cep t  f o r  the la c k  o f  a b s o r p t io n  a t  1680 ntn"1 and the  
p r e s e n c e  o f  s tr o n g  a b s o r p t io n  a t  1630 cm , d i f f e r e n c e s  be­
tween the  s p e c tr a  o f  d ih y d r o -  and t e t r a h y d r o p y r id in e s  are  
m a n if e s t  by ch an ges  in  i n t e n s i t y  and s h i f t s  in  the w a v e le n g th  
o f  a b s o r p t io n  o f  v a r io u s  b ands. W ithout r i g i d  e x p e r im e n ta l  
c o n t r o l  m ea n in g fu l i n t e r p r e t a t i o n s  o f  th e s e  changes can n ot be 
made. One change t h a t  i s  n o t i c e a b l e  i s  the l o s s  of a b s o r p t io n  
near 11^20 cm*”1 and 705 cm*”1 . These bands were a s s ig n e d  t o  the  
c i s —o l e f i n i o  hydrogens in  th e  d ih y d r o p y r id in e  sy s te m . New 
bands appear in  th e  t e t r a h y d r o p y r id in e s  n ea r  1220 cm”-1 , 1190  
cm"”1 , and 1060 cm"”1 but no a ss ig n m en t  can  be made f o r  them.
t h a t  ( In —95) o f  the  crude p ro d u ct  o f  the  r e d u c t io n  o f  t h i s  s a l t  
in d ic a t e d  t h a t  the r e d u c t io n  p ro d u c t  was a m ixtu re  o f  th e  d i— 
h y d r o p y r id in e  and u n rea cted  s a l t  63,. T h is  was p ro b a b ly  due 
to  the i n s o l u b i l i t y  o f  th e  m a t e r ia l  in  th e  r e a c t i o n  medium.
The s u l f i n i c  a c id  s a l t  1^ 0 (21—3557) h as  the  ch arac­
t e r i s t i c  band a t  1630 onf”1 i n d i c a t i v e  o f  the t e t r a h y d r o p y r id in e  
sy s te m . The s tr o n g  a b s o r p t io n  ex p ec te d ^ "  n ear  1250 cm"-1 and
by a s s i g n i n g  t h i s  a b s o r p t io n  t o  th e  C=N(j^ v i b r a t i o n .
As may be e x p e c te d ,  th e r e  was a s l i g h t  s h i f t  to  lo w er
A com parison  o f  th e  in fr a r e d  spectrum  (In —73) o f  
(2—p henyl ind o l—3—y l )  p r o p y l ] —3—cyan op yr id in iu m  bromide ( 63.) w i th
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1150 onf* f o r  the ^-0 bond i s  obscured. The c y c l i c  dimethoxy— 
b en zo q u in o liz in e  ijjl a l s o  has stron g  a b so rp tio n  in  t h i s  reg io n  
and as a r e s u l t ,  the spectrum of  ijU e x h ib i t s  broad, p oor ly  
re so lv e d  a b so rp tio n  extend ing  from 1235 cm"-1 to  1135 cm 1 . 
H eating a m ethanolio s o lu t io n  of the s u l f in a t e  1^ 0 w ith  methyl 
iod id e  in  an attem pt to  make the methyl su lfo n e  gave a product 
whose in frared  spectrum (Ir>-1237) showed i t  to  be id e n t i c a l  
w ith  the o y c l ic  m a te r ia l  IjJ.. Thus the s u l f in a t e  group must be 
r e a d i ly  d isp la c e d .
The in frared  spectrum (Ir>-2032) o f  the d ihydropyridine  
b earing  a methyl group on the 2—p o s i t io n  of the in dole  n u c leu s ,  
8 3 c a long  w ith  the spectra  o f  i t s  p recu r so rs ,  JJL, 8 0 , 8 l ,  and 
8 2 . has a strong band a t  ll±60 cm*”1 which may be assigned  to  
the asym m etrical deform ation v ib r a t io n  o f  the methyl group.
This band i s  n ot p resen t in  the c y c l i z a t i o n  product g iv in g  
stron g  ev idence in  support of the s tru c tu r e  86 .
b . U l t r a v io le t  spectra
23Druey and Schenker reported th a t  the u l t r a v i o l e t  
ab so rp tio n  spectrum of Ifc-raethyl—1 , ip—dihydro-3—cyanopyrid ine  
(2 6 ) showed a s in g le  maximum a t  3^0 mji (f 5 ,6 0 0 ) ,  and th a t  
the corresponding l , l j . ,5 ,6 —tetrah yd rop yr id in e  2J absorbed a t  
278 m|i ( € 1 8 ,3 0 0 ) .  i l l l  o f  the dihydro— and tetrah ydro— 
p y r id in e s  examined in  the p resen t  in v e s t ig a t io n  had maxima 
corresponding to  those rep o r ted . N-Benzyl—l,if*-*dihydro-3— 
cyanopyrid ine (2i^) e x h ib ite d  a maximum a t  339 mp ( f  6 ,600 )  
and the corresponding te trah ydropyr id in e  2^ had a maximum a t  
27k mp . In many c a s e s  the dihydro— and te tra h y d ro p y r id in es
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were g e n e r a te d  in  s o l u t i o n  and the sp e c tr a  were determ ined  on 
th e se  s o l u t i o n s .  Thus i t  was n o t p o s s i b l e  to  d eterm ine the  
e x t i n c t i o n  c o e f f i c i e n t s .  The maxima determ ined  f o r  v a r io u s  
d ih y d r o -  and te t r a h y d r o p y r id in e s  are l i s t e d  in  T ab les  I I I  and 
IV and e x t i n c t i o n s  are l i s t e d  on ly  in  th o se  c a s e s  in  w hich  
the sp e c tr a  were determ ined  w ith  i s o l a t e d  sam ples o f  good 
p u r i t y .
The w a v e le n g th  o f  a b s o r p t io n  o f  the te tr a h y d r o p y r io ­
dine chromophore, 2 7 0 -280  m|i , on f i r s t  c o n s id e r a t io n  seems 
q u it e  h ig h .  Wheeler"^ re p o r te d  a b s o r p t io n  a t  212 mp (€  1 1 ,2 0 0 )  
f o r  1—c y a n o cy c lo h ex en e  and a bathochrom ic s h i f t  o f  n e a r ly  60 m p 
due t o  e ^ —amino s u b s t i t u e n t  i s  q u i t e  l a r g e .  T h is s h i f t  i s  
b e s t  e x p la in e d  by c o n s id e r in g  a la r g e  amount o f  p—"|T  conju­
g a t io n  in v o lv in g  the e l e c t r o n  p a ir  o f  the amino n i t r o g e n  atom 
and the TT —e l e c t r o n s  o f  the  —u n sa tu ra ted  n i t r i l e  sy stem .
This i s  e s s e n t i a l l y  the same argument used in  the in t e r p r e t a ­
t i o n  o f  the  a b s o r p t io n  a t  2200 cm"'1 In the  In fra re d  sp e c tr a  
o f  th e s e  compounds (v id e  s u p r a ) .
The w a v e le n g th  o f  a b s o r p t io n  o f  the d ih y d r o p y r id in e s  
a t  340 mp I s  a r e s u l t  o f  the c o n ju g a t iv e  e f f e c t  of the  5 ,6 — 
double bond p r e s e n t  in  the d ih y d r o p y r id in e  sy stem . I t  w i l l  be 
r e c a l l e d  t h a t  la c k  o f ground s t a t e  o v e r la p  o f  the 5 ,6 —double  
bond was invoked a s  an argument f o r  the a ss ig n m e n t ,  In  the in ­
fr a r e d  sp e c tr a  o f  the d ih y d r o p y r id in e s ,  o f  the 1680 onf"1 band. 
The u l t r a v i o l e t  data do n o t  n eg a te  the  i n t e r p r e t a t i o n  o f  the  
in fr a r e d  data* The lo n g  w a v e len g th  a b s o r p t io n  o f  the d ih y d r o -  
p y r id in e  system  s u g g e s t s  t h a t  the o v e r la p  o f  the 77* —e l e c t r o n s
ii
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of the 5 ,6 —double bond w ith  the —amino—£ \, unsaturated
n i t r i l e  system s t a b i l i z e s  the ex c ite d  s ta te  of the d ihydro­
pyrid ine  chromophore. S im ilar overlap in  the ground s ta te  i s  
not required in  order to  e x p la in  th i s  a b sorp tion . Thus over­
lap  of the 7T —e le c tr o n s  of the 5 ,6 —double bond appears to  be 
of major importance in  the ex c ite d  s ta te  but not in  the ground 
s t a t e .
Apart from the obvious a n a ly t i c a l  a p p l ic a t io n ,  u ltr a ­
v i o l e t  spectroscopy was used to  advantage in  determining the 
f e a s i b i l i t y  of se v e r a l  r e a c t io n s .  Thus, the spectra of bhe 
s a l t s  2^, _28, J_8, 6^, and J2. were determined and a small amount 
of sodium d i th io n i t e  was added d ir e c t ly  to  the sample c e l l .  In 
each case an extrem ely strong band a t  310 mp , due to  the di— 
th io n i t e  io n , formed immediately. This absorption  decreased  
r a p id ly  g iv in g  r i s e  to  absorption  at 3/4.0 mp , in d ic a t iv e  of 
the form ation of the lji^r-dihydropyridine chromophore. This 
3^0 mp bandwas masked in  the spectrum of the reduction  product 
of due to  the strong absorption  of the 2—phenyl ind o le  ch.ro— 
mophore.at 303 mp* The band a t  3i|0 mp diminished s low ly  on 
standing and rap id ly  on ad d it io n  of a small amount of hydro— 
c h lo r io  acid  w ith  concomitant Inorease o f  absorption  in  the 
270 mp reg io n , in d ic a t in g  the form ation o f  the tetrahydropyri— 
dine chromophore. I f  sodium bicarbonate was added to  the c e l l  
before the a d d it io n  o f  d i t h io n i t e ,  the d ihydropyridine band 
was q u ite  s ta b le  u n t i l  acid  was added.
When the spectrum of the s a l t  22  was determined in  
sodium bicarbonate s o lu t io n ,  weak absorption  at 335 mp was
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a p p a r e n t .  San P i e t r o  s u g g e s te d  t h a t  cy a n id e  io n  a t t a c k s
cT A
the ij.—p o s i t i o n  o f  the p yr id in iu m  r in g  in  DPN and K arrer ert a l . 
i s o l a t e d  a c r y s t a l l i n e  cy a n id e  a d d i t io n  p ro d u ct  o f  N—m e th y l-
59n ic o t in a m id e .  Anderson and Berlcelhammer r e p o r te d  the a c t i o n  
o f  e t h o x id e ,  h y d r o x id e ,  and cy a n id e  io n s  on s e v e r a l  1—a lk y l— 
p y r id in iu m  s a l t s  h a v in g  an e l e o t r o n  w ith d raw in g  group on the 3— 
p o s i t i o n .  These w orkers su g g e s te d  t h a t  th e  h yd rox id e  and 
e th o x id e  io n s  r e v e r s i b l y  a t ta o k e d  the  6—p o s i t i o n  o f  the p y r i— 
dinium r in g  on the b a s i s  o f  the u l t r a v i o l e t  d a ta .  The e f f e c t  
o f  b ic a r b o n a te  io n  on the u l t r a v i o l e t  spectrum  of  2 2  may be 
s i m i l a r l y  e x p la in e d .
A d d it io n  o f  e th o x id e  io n  to  the  in d o ly le t h y lp y r id in iu m  
s a l t  28 r e s u l t e d  in  weak a b s o r p t io n  a t  3lp8 mp and an i n f l e c ­
t i o n  a t  2I4.O mp in  a d d i t io n  to  a b s o r p t io n  due to  the s a l t .  Al­
though t h e s e  e f f e c t s  were v e r y  s l i g h t ,  i t  i s  w orth  m en tio n in g  
t h a t  K—m eth y l—1 ,6 —d ih y d ro —3—c y a n o p y r id in e  ab sorb s a t  3^-9 mp 
and a t  2lj.O No e f f e c t  was n o t i c e a b l e  on a d d i t io n  o f
hyd rox id e  io n  t o  a s o l u t i o n  o f  2£  but t h e s e  sp e c tr a  were de­
term ined  on v e r y  d i l u t e  aqueous—m e th a n o lic  s o l u t i o n s  and an 
e q u i l ib r iu m  would l i e  in  f a v o r  o f  the s a l t  r a th e r  than  a d i— 
h y d r o p y r id in e .  A d d it io n  o f  cy a n id e  t o  a s o l u t i o n  o f  the  
q u a ter n a r y  s a l t  _28 caused  d e f i n i t e  a b s o r p t io n  a t  335 mp . In  
f a c t  the  crude cy a n id e  a d d i t io n  p r o d u c ts ,  22  anc  ^ r e s u l t i n g
from a t t a c k  o f  cy a n id e  io n  on th e  s a l t s  23. and 28 r e s p e c t i v e l y ,  
were i s o l a b l e .  Both o f  th e s e  ad d u cts  were u n s ta b le  but gave  
in fr a r e d  and u l t r a v i o l e t  sp e c tr a  i n d i c a t i v e  o f  th e  l , i 4f -d ih y d r o -  
p y r id in e  sy s tem . A s i n g l e  a ttem p t t o  c y o l i z e  the 3>ij-—d icy a n o —
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l,k*-dihydropyridine ,2k , r e s u l t in g  from the a t ta c k  of cyanide  
ion  on the s a l t  28 , was u n su c c e s s fu l .
GN
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c .  Nuclear magnetic resonance s p e c tr a .
Nuclear magnetic resonance sp ectroscop y was employed
o l i z a t i o n  product. In the f i r s t  case there was some q uestion  
as t o  the product from the o y c l iz a t io n  of H- P, — (3 ,k —d i -
m ethoxyphenyl)ethyl —l,l^ -d ih ydro-3-<3yanopyridine (3 9 ) .  The 
in frared  spectrum of t h i s  m a te r ia l  was d i f f i c u l t  to  in te r p r e t  
in  the 800—65>0 cnf-* reg io n  and an unequivocal d i s t i n c t i o n  be­
tween the symmetrical isomer [j_l, r e s u l t in g  from a t ta c k  a t  the 
6—p o s i t io n  of the aromatic r in g ,  and the unsymmetrioal isomer 
r e s u l t in g  from a t ta c k  a t  the 2—p o s i t io n ,  could not be 
made. The n uc lear  magnetic resonance spectrum of  t h i s  m a ter ia l  
i s  shown in  Figure j?. Of p a r t ic u la r  in t e r e s t  i s  the aromatic 
p o r t io n  of the spectrum between 6.67  and 6 .9 0  ppm r e la t iv e  to  
te tr a m e th y ls i la n e .  The ab sorp tion  of the s ix  methoxyl protons  
i s  r e a d i ly  seen  as a strong sharp s i n g l e t  a t  3*90  ppm.
R e la t iv e  to  t h i s  peak f o r  the methoxyl hydrogens, the three
In two c a ses  as an aid in  e lu c id a t in g  the s tru ctu re  of a cy—
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peaks a t  6 . 6 7 , 6 . 7 5 , and 6 .9 0  ppm r e p r e s e n t  the a b s o r p t io n  
o f  one p ro ton  each  and a r e ,  t h e r e f o r e ,  th r e e  u n s p l i t  bands.
I t  i s  apparent th a t  any u n c y c l iz e d  m a te r ia l  or the unsym— 
m e t r ic a l  o y c l i c  isom er l±2 would have a more com plex s p l i t t i n g  
p a t t e r n  in  the arom atic  r e g io n  o f  the spectrum . The only  
s tr u c tu r e  w hich  i s  c o n s i s t e n t  w ith  t h i s  spectrum i s  the sym­
m e t r ic a l  c y c l i z a t i o n  product IjJ.. Two o f  the bands in  the  
arom atic  r e g io n  are due to  the joara—hydrogens on the arom atic  
r in g  and the th ir d  may be. a s s ig n e d  t o  the v i n y l  hydrogen on 
the 2—p o s i t i o n  o f  the te tr a h y d r o p y r id in e  r i n g .  That t h i s  
hydrogen appears a t  such  low f i e l d  i s  f u r t h e r  rea so n  f o r  con­
s id e r in g  the ^  —amino—(X , ^ —u n sa tu ra ted  n i t r i l e  system  as  
a reson ance h y b r id .
The n u c le a r  m agnetic  resonance spectrum  o f  the oycli^ -  
z a t io n  p rod uct of the d ih y d ro p y r id in e  6j[, w ith  the m ethyl  
group on the 2—p o s i t i o n  o f  the  in d o le  r i n g ,  was muoh more 
d i f f i c u l t  t o  i n t e r p r e t .  S in ce  the c y c l i z a t i o n  p rod uct was 
n ot s o lu b le  In the u su a l s o lv e n t s  employed In n u c le a r  m agnetic  
resonance s t u d i e s ,  sp e c tr a  were determ ined  in  d ioxane and in  
p y r id in e .  The bands w hich  were n o t  obscured by the p a r t i c u la r  
s o lv e n t  employed are shown In F ig u r e s  6 and 7 .
C o n s id e r a t io n  o f  the p o s s ib l e  s t r u c t u r e s  f o r  the  
c y c l i z a t i o n  product), 6^ ., J36, Qj_t and ,8 8 , s u g g e s t s  s i g n i f i c a n t  
d i f f e r e n c e s  In  the n u c le a r  m agnetic  reson ance  s p e c t r a .  The 
in d o le n in e s  81^  and 82. and the in d o le  ,88 should  e x h i b i t  s tr o n g ,  
u n s p l i t  a b s o r p t io n  due t o  the m ethyl group p r e s e n t  in  th e se  
s t r u c t u r e s  w hereas the c y c l i c  in d o le ,  ,86 , should  have no un­
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s p l i t  a b so rp tio n . The c y c l i c  in d o le s  86 and 88 would be 
expected to  show a d if fe r e n c e  in  in t e n s i t y  of ab sorp tion  in  
the aromatic re g io n , _86 con ta in in g  fou r  aromatic hydrogens 
plus the hydrogen on the 2—p o s i t io n  of ' th e  tatrahydropyri— 
dine r ing  and J38 having three aromatic hydrogens in  a d d it io n  
to  the tetrahydropyrid ine hydrogen.
The spectrum obtained in  dioxane ( c f .  P ig .  6) d is ­
t in g u ish ed  r e a d i ly  between the c y c l i c  in dole  isom ers, 86 and 
88. Assuming th a t the ab sorption  appearing a t  9 .43  ppro i s  
due to  the s in g le  hydrogen on the indole  n itr o g en  or that the 
m u lt ip le t  a t  1 .91  ppm i s  due to  two hydrogens (the only  
assumptions which g iv e  r e s u l t s  c o n s is t e n t  w ith  the a n a ly t i c a l  
data) the m u lt ip le t  a t  7 .12  ppm may be sa id  to represen t the 
a b sorp tion  of f iv e  hydrogen atoms. Thus the indole structure  
8 8 . r e s u l t in g  from e l e o t r o p h i l i c  a t ta c k  a t  the ij.—p o s i t io n  of 
the indole  n u c leu s , was e lim inated  from c o n s id e r a t io n .
The presence of absorp tion  a t  9 .43  ppm assigned to  
the hydrogen on the indole  n itro g en  i s  evidence a g a in s t  the 
in d o len in e  s tru c tu r es  84 and 8j_. The p o in t of ambiguity in  
the in te r p r e ta t io n  of these spectra i s  the presence of un­
s p l i t  ab sorp tion  a t  2 .5 8  ppm in  dioxane and a t  2 .93  ppm in  
p y r id in e .  This u n s p l i t  band i s  not e x p l ic a b le  on the b a s is  
of the stru ctu re  J36. The r e la t iv e  in tegra ted  i n t e n s i t y  of  
t h i s  band, however, in d ica ted  th a t  i t  represented  s l i g h t l y  
l e s s  than two hydrogens. This i s  not c o n s is t e n t  w ith  the 
presence o f a methyl group. A p o s s ib le  ex p la n a tio n  f o r  the 
presence of t h i s  band i s  a v a i la b le  on c lo s e r  in sp e c t io n  of
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th e  two s p e c t r a .  The p o s i t i o n  o f  the  bands in  th e  p y r id in e  
spectrum  are  s e e n  t o  be a t  h ig h e r  f i e l d  th an  th e  same bands  
in  d io x a n e .  T h is s h i f t  i s  due t o  th e  d ia m a g n e t ic  s h i e l d i n g
Ap
e f f e c t  o f  the  77“—Q l9c t r o n s  in  th e  p y r i d i n e .  The m agnitude  
o f  th e  s h i f t  v a r i e s  w i t h  th e  p a r t i c u l a r  band s in c e  th e  amount 
o f  s h i e l d i n g  depends on th e  s t e r i c  approach  o f  the  s o lv e n t  
m o le c u le s .  The sh a r p , u n s p l i t  peak a t  2 .5 8  ppm in  d io x a n e ,  
h ow ever , a p p ea rs  a t  2 .9 3  ppm in  p y r i d i n e .  A s h i f t  o f  a band 
t o  lo w e r  f i e l d  in  p y r id in e  s o l u t i o n  i s  g e n e r a l l y  c o n s id e r e d  
t o  be due t o  bonding o f  the g iv e n  p ro to n  t o  the b a s ic  n i t r o ­
gen o f  the  s o l v e n t .  This s u g g e s t s  t h a t  th e  band a t  2 .9 3  ppm
in  p y r id in e  and a t  2 .5 8  ppm in  d ioxane  i s  s p u r io u s  and i s  p r o -
83b a b ly  due t o  an im p u r ity  such  as w a te r .  In d eed , Mavel has  
s tu d ie d  th e  e f f e c t  o f  s o l v e n t  on the c h e m ic a l  s h i f t  o f  w a te r  
and h i s  r e s u l t s  are c o n s i s t e n t  w i t h  t h i s  i n t e r p r e t a t i o n .
D is r e g a r d in g  the  a b s o r p t io n  a t  2 .9 3  ppm a t e n t a t i v e  
a ss ig n m e n t  o f  the  bands in  the p y r id in e  spectrum  ( o f .  F i g .  7) 
be made on the b a s i s  o f  th e  s t r u c t u r e  _86. The m u l t i p l e t  a t  
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hydrogens a t  A  s p l i t  by the B hydrogens and the C hydrogen.
The hydrogens a t  B appear as a f i n e l y  s p l i t  doublet centered  
a t  2 .1 5  ppm. The s in g le  hydrogen C, f i n e l y  s p l i t  by the A 
and D hydrogens, appears near 3 .3 1  ppm and the m u lt ip le t  
centered  near 3 .55  ppm i s  assigned  to  the methylene group ad­
ja cen t  to  the n itrogen  atom. C appears a t  h igher f i e l d  than 
the D hydrogens due to  the diamagnetic s h ie ld in g  e f f e c t  of the 
in d o le  n u c leu s . In sp ect io n  of models shows th is  to  be reason­
a b le .  The absorption  due to  the E protons of the two methyl­
ene groups adjacent to  the indole nucleus i s  centered near 
2 .9 8  ppm.
The p o s i t io n  of the methylene p rotons, D, i s  lower 
than th a t expected fo r  methylene protons adjacent to  an 
amino—n itro g en  atom and i s  fu r th er  evidence fo r  the represen­
t a t io n  of the~jj —amino— c>( , p  —unsaturated n i t r i l e  system as 
a resonance hybrid . The p a r t ia l  p o s i t iv e  charge conferred on 
the n itro g en  atom in  the resonance hybrid would cause a s h i f t  
of the absorption  of the adjacent methylene hydrogens to  lower 
f i e l d .  That the absorption  of the hydrogen on the 2—p o s i t io n  
of the tetrahydropyridine r ing  appears in  the aromatic region  
a ls o  supports t h i s .  Some idea of the magnitude of the c o n t r i ­
bution  o f  the p o lar ized  form to  the resonance hybrid of the 
p  —amino- jy , p  —unsaturated n i t r i l e  system may be drawn from 
a comparison o f  the chem ical s h i f t  of the hydrogen on the 2— 
p o s i t io n  of the tetrahydropyrid ine r in g ,  near 7*0 ppm, w ith  
the indole  d e r iv a t iv e s  reported by Witkop and D a ly ^  and the 
l,Ajf-dihydropyridine reported by Kosower and S o r e n s e n .^  These
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a r e  show n i n  F ig u r e  I4..
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5 .0 5  ppm
CH-aO
CN CN
7 .0  ppm
ij-1 86
P i g .  k
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TABLE I
C h a r a c ter is t ic  Infrared Absorption Bands of the 1, I|»—<3 ihy dr o—3—oy a nopyridine System8
Sample Spectrum 
Number Number
2kb 2 1-1 0 6 6 2198(S) 1680(S) 1605(S) 1W(S) 1320(s) 1175(S) 1160(H) 985(S) 710(H)
29b
c
In—1662 3500M 2205(S) 
3400M
1675(s) l6o5(s) liUO(S) 1315(M) 1 1 7 0 (H) 10l|.0 (M) 995(H) 715 (M)
39 In-1565 3550M 2200(S) 1680(S) I605(s) 1 4 1 8 (s) 1320(H) lli*-5(M) 1030(H) 970(W) 705(w)
83° In-2032 3500
(S-B)









2205(S) 1675(3) 1592(a) 1L|.12(S) 1195(S) 1125(H) 1012(M)
(M)




Chloroform s o l u t i o n
TABLE I I
g
C h a r a c ter is t ic  Infrared Absorption Bands of the 1 ,4 ,5 ,6 —tetrahydro—3—cyanopyridine System
Sample Spectrum 
Number Number
25 b In-17^9 2200(S) 1630(S) 1420(H) 1066(H)
30°7f— 21-1669 3250(S-B) 3200(Sh)
2195(3) 1630(S ) 1433(H) 1378(M) 1265(W) 1215(H) 1188(S)
h i In-2509 2195(S) 1630(S) 1442(H) 1372(H) 1272(H) 1212(H) i i 9 0 ( s ) 1062(S )
In—2061 3470(W) 
3340(M)









1375(w) 1265(H) 1210(H) 1172(H)
h l° 21-3557 345o(w- b ) 2175(s) 1625(S.) 1420(3) 1370(H)- 1275 to H 3 5 (s -B )d 1050(s)
aBands are l i s t e c 3 in  cm"*1 ; S -  strong , H = medium, W = weak, B = broad, and Sh = shoulder.
b
Film




T^BLE I I I
U lt r a v io le t  Absorption of Pyridinium S a lt s  
and Their Transformation Products




28a + Na2S20j| 3i|0;
28* + NaCN 335 ;
28* + NaCN + HC1 287b
28a + NaOCH^ 314-8°
28* + NaOCH^  + HG1 287b
^8a 2Qkb
+ Na2 S2 0^ 3140;
d77 b286
a
I I + Na2S2°lJ_ 3k0;




I n f l e c t io n
d
Determined in  methanol
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TABLE IV
U l t r a v i o l e t  A b s o r p t i o n  Maxima of  D i h y d r o -  
and T e t r a h y d r o p y r i d i n e s
Compound
Number W a v e le n g t h  or A b s o r p t i o n  i n  M i l l i m i c r o n s
2 1 *  31+0 ( 6 , 6 0 0 )
22  27k
b
26 3 ip0 ( 5 , 6 0 0 )
2 2 ° 2 7 6 ( 1 8 , 3 0 0 )
3 0 8 2 8 9 ° ;  2 7 8 (  20,1+60),* 2 2 3 (  2 0 , 8 3 0 )
6 2 3 2 7 6 ( 2 2 , 1+0 0 ) ;  2 2 l+( 3 1 ,l]-0 0 )
]t0a 276 ( 20 ,000);  230 ( 8,330)
l i l 8 2 8 0 ; 2 3 1




D e t e r m in e d  i n  m e t h a n o l  s o l u t i o n
b
D e t e r m in e d  i n  95/^ e t h a n o l
c
S h o u l d e r
d
D e t e r m in e d  i n  e t h e r  s o l u t i o n




















6 .0 5 .0 if-.o7 .0 2 . 0 1 . 03 .0 ppm 0
ppm r e l a t i v e  t o  t e t r a m e t h y l s i l a n e
The a u th o r  i s  in d eb ted  t o  th e  C e n tr a l  R esearch  L a b o r a t o r ie s  of  B. I .  Dupont de Nemours 
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cm r - c o  t " -
CM O G O  MD
CM (\J  H  H
The a u t h o r  i s  i n d e b t e d  t o  Dr. F r a n c i s  J .  E vans  f o r  o b t a i n ­
in g  t h i s  s p e c t r u m .
The b a n d s  a r e  l i s t e d  i n  p a r t s  p e r  m i l l i o n  r e l a t i v e  t o  
t e t r a m e t h y l s  i l a n e .




M elting p o in ts  were determined on a K ofler  hot stage  
equipped w ith  a p o la r iz in g  miorosoope and are unoorrected.
Infrared spectra were determined on a Perkin-Elmer 
Model 21 Infrared Spectrophotometer and on a Perkinr-Elmer 
Model 137B Infracord Spectrophotometer equipped w ith  sodium 
c h lo r id e  o p t ic s .  A l l  Infrared spectra are on f i l e  a t  the 
U n iv e r s ity  of New Hampshire and are l i s t e d  by number. The 
spectra  determined on the Model 21 Spectrophotometer are in ­
d ica ted  by the number tt21", whereas those spectra determined 
on the Infracord are in d ica ted  by the l e t t e r s  "In", preceding  
the spectrum number.i
Infrared spectra determined on l iq u id  samples were 
run n ea t ,  as f i lm s .  Spectra of s o l id  samples were g en er a lly  
determined as m ulls in  Halocarbon o i l  (from lj.000 cm""1 to  
1300 cm"1 ) and Nujol (from 1300 cm""1 to  600 cm"'1 ) .  S p e c if ic  
mention i s  made of the so lv e n t  employed f o r  those few in fra ­
red spectra determined in  s o lu t io n .
U l t r a v io le t  spectra were determined on a Perkin-Elmer  
Model lj.000 Spectracord Recording Spectrophotom eter. The 
spectra  of most quaternary s a l t s  were determined in  60% metha­
n o l .  AH other spectra  were determined in  anhydrous methanol 
s o lu t io n u a le s s  otherw ise mentioned.
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The n u c le a r  m a g n etic  re so n a n c e  spectrum  o f  IjH. was 
determ ined  w ith  a V ar ian  Model A—60 p r o to n  re so n a n c e  sp ec­
tr o m e te r  in  d e u te r o c h lo r o fo r m  s o l u t i o n .  The n u c le a r  mag­
n e t i c  re so n a n c e  s p e c tr a  o f  _86 were d eterm in ed  w it h  a V arian  
Model HR—60 s p e c tr o m e te r .
E le m e n ta l  a n a ly s e s  were by Sch w artzkop f M ic r o a n a ly t i— 
c a l  L a b o r a t o r ie s ,  W oodside, New Y ork.
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Preparation of 2—phenyiindole (61|). 4 mixture of
60 g .  (0 .5  mole) o f  acetophanone and g . (0 .5  mole) o f  
phenylhydrazine was heated on a steam cone fo r  1 hr. and 
poured in to  w ater. The l i g h t  yellow  s o l i d (21—1883) was re­
moved by f i l t r a t i o n  and washed w ith  petroleum e th e r .  H a lf
of t h i s  m a ter ia l was added to  10.0 ml. of polyphosphoric acid
0and warmed on the steam cone. The temperature rose to  130 
and the mixture was poured in to  ice  w ater. 1 The l i g h t  yellow  
-so lid , m.p. 181- 183° ( l i t . ^ 8 , m.p. 186® )(21-1662), which was 
removed by f i l t r a t i o n ,  amounted to  20 g .  (k2%). Y ie ld s  of up 
to  80$ were obtained by mixing the same amounts of acetophe— 
none7. and phenylhydrazine w ith  polyphosphoric acid  and heat­
ing on the steam cone to  i n i t i a t e  the r e a c t io n .  The tempera— 
ture was kept below 200 by co o lin g  in  a water bath when 
n ecessa ry . The 2—phenyl indole (6/4.) obtained in  t h i s  manner 
was l e s s  pure, m.p. 170—177° ,  and more h ig h ly  colored  but i t  
was r e a d i ly  p u r if ie d  by r e c r y s t a l l i z a t io n  from l ig r o in ( b .p .  
100 -1 1 5 °) .
26Preparation  of 3—pipe r id  inome thy 1—2—phenyiindole .
27The method used was e s s e n t i a l l y  th at of Kuhn and S te in  , 
wherein 70 g . o f  a c e t ic  acid was added to  a 7*2  g .  «of p i p e r i ­
dine cooled to  5° •  The mixture was cooled  to  5° and 6 .1  g .  
of k0% Formalin s o lu t io n  was added. The mixture was shaken 
and poured in to  a f l a s k  con ta in ing  15 g .  of 2—phenyiindole  
( M ) .  The f l a s k  was shaken u n t i l  s o lu t io n  was com plete.
^ f te r  standing overn ight, the mixture was poured s low ly  in to
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a s t i r r e d  s o l u t i o n  o f  23 g .  o f  sodium h y d ro x id e  in  170 m l.  
o f  w a te r .  The m ix tu re  was c o o l e d ,  and the s o l i d  w hich  
se p a r a te d  was removed by f i l t r a t i o n .  R e c r y s t a l l i z a t i o n  from  
m ethan ol a f fo r d e d  7 g .  (3k$) °£ the Mannich b a s e ,  m .p . 75—
77° ( 2 1 -1 7 0 ^ ) .
P r e p a r a t io n  o f  3—d im eth ylam in om eth yl—2—p h e n y l in d o le  
( 6 Q ) J 7 A 5k  g .  sample o f  25^ dime thylam  i n e , 1 0 . 2k  m l. o f  
37% fo rm a ld eh y d e , and i;0  m l. o f  g l a c i a l  a c e t i c  a c i d ,  a l l  a t  
5®, were m ixed . The m ix tu re  was c o o le d  t o  5° and poured  
i n t o  a f l a s k  c o n t a in in g  2 8 .9  g .  o f  2—p h e n y i in d o le  ( 6k) . The 
f l a s k  was shaken u n t i l  moat o f  th e  s o l i d  had d i s s o lv e d  and 
was a llo w e d  t o  stand  o v e r n ig h t .  The m ix tu re  was poured i n t o  
800 m l. of w a te r ,  f i l t e r e d  t o  remove any i n s o lu b l e  m a t e r ia l ,  
and made b a s ic  w ith  10/i sodium h y d r o x id e .  The s o l i d  w hich  
se p a ra te d  was removed by f i l t r a t i o n .  A f t e r  r e c r y s t a l l i z a t i o n  
from a l c o h o l ,  the Mannich base jS8 was o b ta in ed  a s  a w h ite  
s o l i d ,  m .p . 1214..5-1250 ( l i t ; 324-, m .p . 128-129® ) in  60# y i e l d  
(21-19*1-9).
A n a l,  c a l c d .  f o r  ; C, 8 1 .5 5 ;  H, 7,2k*
Pound: C, 8l . 8*j.; H, 7 .  k7 •
R e a c t io n  o f  2—p h e n y lg r a m in e( 6 8 ) w i t h  m eth y l i o d i d e .
— ■ .  ■ i m i ■ ■■ ■■ ■ i — — — —  I — ■ ■
A *4. g .  sample o f  th e  Mannich base _68 was d i s s o lv e d  in  a l c o ­
h o l  and 3 g .  o f  m eth y l io d id e  was added. The f l a s k  was 
s to p p ered  and a llo w e d  t o  stand  o v e r n ig h t .  A l i g h t  s o l i d  
se p a r a te d  w hich  had an in fr a r e d  spectrum  (21—2 1 9 9 ) i d e n t i c a l  
w it h  t h a t  ( 21—2177) o f  a known sample o f tetramethylammonium
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io d id e .  This r e a c t io n  was not studied fu r th e r .
2 6Preparation  o f 3—p ip er id in o m eth y lin d o le (^ 3) .  To
7 .5  g .  (0.088  mole) of p ip er id in e  a t  5° was added 12 g .  of 
g l a c i a l  a c e t ic  a c id .  The mixture was cooled  to  5° and 6 .5  g .  
of W o  Formalin, a l s o  a t  5 ° ,  was added. This mixture was 
shaken and poured in to  a f l a s k  conta in ing  10 g .  (0.086  mole) 
of in d o le .  A fter  standing fo r  two days the mixture was worked 
up as before y ie ld in g ,  a f t e r  r e c r y s t a l l i z a t io n  from e th y l  
a c e ta te ,  15 g .  (Sl/S?) of the Mannich base m.p. 160—161° 
(21 -1700).
, . 26
Preparation  o f  indol—3>^ylacetio a o id (5 2 ) .  TkLQ
preparation  of the acid J2 Was carried  out according to the
27method of Kuhn and S te in .  In th is  in stance  a mixture of
15 g . o f  gramine (ik), 21 g . of sodium cyan ide, 167 ml. of  
a lc o h o l ,  and 70 ml. o f  water was heated under r e f lu x  fo r  80 
h r s .  The mixture xvas cooled and 200 ml. of water was added. 
A fter  treatment w ith  a c t iv a ted  charcoal, the so lu t io n  was 
concentrated to  remove a l l  the a lcoh o l and cooled to 5 ° .
The indoleacetam inde which p r e c ip ita te d  amounted to  l g .  and 
was removed by f i l t r a t i o n .  The f i l t r a t e  was concentrated to  
about 150 m l. ,  cooled  to  10°, and a c id i f i e d  by slow ad d it ion  
of concentrated hydroch loric  acid  to  the s t ir r e d  mixture to  
y ie ld  a pink s o l i d .  Care must be taken to  have adequate 
v e n t i la t io n  during the a c i d i f i c a t i o n  due to the l ib e r a t io n  of 
hydrogen cyan id e. The indoleaoetam ide was hydrolyzed in  
b o i l in g  sodium hydroxide s o lu t io n  fo r  ij. h r s .  A s o l id  was
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ob ta in ed  a f t e r  a c i d i f i c a t i o n .  The combined s o l i d s ,  a f t e r  
r e c r y s t a l l i z a t i o n  from ch lo ro fo r m , a f fo r d e d  8 g .  (53$) of  
th e  a c id  ^ 2 , m .p . l 6 0 - l 6 l °  ( 21—1395 ) ^ L i t . m .p. 1 6 0 -1 6 1 ° ) .
31P r e p a r a t io n  o f  2—p h e n y i in d o le —3—y ip r o p io n ic  A c id ( 6 5 ) .
A 9 .8  g .  sample (0 .0 5 1  m ole) o f  2—p h e n y iin d o le  m ,  m .p . 1 7 6 -  
1 7 7 ° ,  was h eated  in  a h o t  w ater  bath  f o r  !(. h r s .  w ith  30 m l. o f
a c e t i c  a c i d ,  11 m l. ( 1 .0  m ole) o f  a c e t i c  a n h y d r id e , and 8 .0  g .
( 8 .5  m l . ;  1 .1  m o les)  of a c r y l i c  a c i d .  The m ixture  was a llo w ed  
to  stand a t  room tem perature o v e r n ig h t .  The v o l a t i l e  m a t e r ia l s  
were removed by d i s t i l l a t i o n  a t  reduced p r e s su r e  le a v in g  a 
sh in y  g r e en  s o l i d .  This m a te r ia l  turned ta n  in  10$ sodium hy­
droxide s o l u t i o n  but was n o t  s o l u b l e .  4 s u sp e n s io n  o f  t h i s
m a te r ia l  in  10$ sodium hydroxide  s o l u t i o n  was e x tr a c te d  w ith  
e t h e r ,  ch lo ro fo rm , and benzene and a c i d i f i e d  w ith  c o n c e n tr a te d  
h y d r o c h lo r ic  a c id  to  g iv e  a g re en  s o l i d .  One r e c r y s t a l l i z a t i o n  
o f  t h i s  m a te r ia l  from a lc o h o l  a ffo r d e d  5 -8  g .  (5if-.2$) of the  
a c id  as sh in y  g re en  p l a t e l e t s ,  m .p . 153—1 5 6 ° .  The s t r u c tu r e  
was confirm ed by in fr a r e d  a n a l y s i s  ( 21—21 29 ) .
A sample o f  the a c id  was r e c r y s t a l l i z e d  a g a in  :from 
a lc o h o l  and gave a w h ite  s o l i d ,  m .p . 9 5 .5 —9 7 ° .  The in fr a r e d  
speotrum o f  t h i s  m a te r ia l  (21—3186) and the  carbon  and hydrogen
a n a ly s e s  in d ic a te d  th a t  the a c id  6^ had b een  con verted  t o  the
e t h y l  e s t e r  during r e c r y s t a l l i z a t i o n .
A n a l, c a l c d .  f o r  C, 7 8 .0 ;  H, 6 .5 3 .
Pound: G, 7 8 ,5 8 ,  7 8 .5 5 ;  H, 6 . 6 7 , 6 .7U--
The e s t e r  was h ydro lyzed  i n  b o i l i n g  10$ sodium hydrox—
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Ida s o lu t io n  to  y i e l d ,  a f t e r  a c i d i f i c a t i o n ,  the acid  6j?, m.p. 
153-157° (lr»-208) .
Attempted preparation  of 2—phenyllndol—l —vlp rop ion io  
ac:id(li.6). In a 500 m l. 3-necked f l a s k  f i t t e d  w ith  a b a l l  
and socket s t i r r e r ,  F r ie d r ic h s  condenser, and n itro g en  i n l e t  
tube was placed 200 m l. of dry x y le n e ,  fou r  crushed p e l l e t s  
of potassium hydroxide, 6 g .  o f  2-phenylgramine and
2 .7  g» o f  e th y l  oyanoacetate . The mixture was heated under 
r e f lu x  f o r  5 h r s .  w ith  a steady stream o f  n itro g en  bubbling  
through. The mixture was f i l t e r e d ,  con cen trated , and allowed  
to  stand overn ight, a f t e r  which time a l i g h t  orange o i l  had 
sep arated . The xy lene was removed by d ecan ta tion  from the 
o i l  and the o i l  c r y s t a l l i z e d  on a d d it io n  o f  methanol y ie ld in g  
a l i g h t  ye llow  s o l i d ,  m.p. 110-122°. One r e c r y s t a l l i z a t i o n  
of the s o l id  from methanol gave what appeared to  be e th y l  2 — 
cyano—3—(2—phenyl.lndol—3—y l)p ro p io n a te  (7 2 ) .  Without fu r th er  
p u r i f io a t io n ,  th i s  compound was heated under r e f lu x  f o r  7 h rs .  
in  a 30$ sodium hydroxide s o lu t io n .  The brown r e a c t io n  mix­
ture was co o led , f i l t e r e d ,  and a c id i f i e d  w ith  concentrated  
h ydroch loric  a c id .  The a o id ic  m a ter ia l was ex tracted  in to  
e th e r  and dried w ith  anhydrous magnesium s u l f a t e .  The o i l  
( ln -4 |42),w hich  remained a f t e r  removing the e th er  a t  reduoed 
p ressu r e , was heated in  a Woodf,s m etal bath a t  180° u n t i l  
the e v o lu t io n  of gas cea sed . This h ea tin g  caused e x te n s iv e  
decom position  and no i d e n t i f i a b le  m a te r ia l  was obtained from 
the r e a c t io n  mixture {ln-$k2) •
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P r e p a r a t io n  o f  e t h y l  2»-jnethylln d o l—3—ylpPQPlo c a t e  (7 8 )  . 
T his p r e p a r a t io n  was c a r r ie d  out a c c o rd in g  t o  the  method o f  
Mndzhoian, T erz ia n  and Ta t e v o s i a n ^ ,  e x c e p t  t h a t  tw ic e  the  
amount o f  r e a c t a n t s  was u se d .  The y i e l d  a f t e r  d i s t i l l a t i o n  
was I4J4. g .  ( 73$ )  o f  th e  e s t e r  JMt b .p .  183—190° a t  0 .5  mm).
The e s t e r  was i d e n t i f i e d  by the  b o i l i n g  p o in t  and the in fr a r e d  
spectrum (Irv-792) .
P r e p a r a t io n  o f  e t h y l  2—me t h y l l n d o l —3—y la o e  t a t e  ( 8 0 ) .
The procedure used f o r  the  p r e p a r a t io n  o f  the e s t e r  80 was 
p r e c i s e l y  th a t  o f  Mndzhoian, T erz ia n  and T a t e v o s i a n . ^  In  
t h i s  method a m ixture  o f  1 1 .6  g .  ( 0 .1  m ole) o f  l e v u l i n i c  a c id  
(In —7 9 8 ) ,  1 4^-.5 ( 0 .1  m ole) o f  p h en y lh yd raz in e  h y d r o c h lo r id e ,
65 m l. o f  a b s o lu te  a l c o h o l ,  and 10 m l. o f  s u l f u r i c  a c id  was 
a llow ed  t o  r e f l u x  f o r  3*5 h r s .  The dark brown s o l u t i o n  was 
poured i n t o  300 m l. o f  i c e  w a te r .  The o i l  w h ich  formed was 
sep a ra ted  from the w a te r  w ith  the a id  o f  100 m l. o f  e t h e r  and
• the w a ter  was e x t r a c te d  w it h  two 100—m l. p o r t io n s  o f  e t h e r .
The e t h e r  s o l u t i o n  was washed w ith  10$ sodium h yd rox id e  s o l i w  
t i o n  and w ith  w a te r  and was d r ied  over  anhydrous p otass iu m  
c a r b o n a te .  The s o l u t i o n  was f i l t e r e d  and th e  e t h e r  removed 
a t  reduced p r e s s u r e ,  l e a v in g  1 8 .8  g .  (88$) o f  a dark red o i l  
(Irv -709). A sm a ll  amount of t h i s  o i l ,  when mixed w it h  a 1 0 $ -  
s o l u t i o n  o f  p i c r i c  a c id  in  a l c o h o l ,  gave a red p i o r a t e ,  m .p .  
1 2 0 .5 —121° ( l i t . ^ ,  m .p . 121° ) (In —ij.71) . The o i l  was d i s -  
t i l . l e d  t o  g iv e  15*6 g .  o f  the l i g h t  c o lo r e d  e s t e r  8 0 , b . p .
183—1 9 0 °a t  0 .3 —0 . 5  ram.-
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L i t h i u m  A l u m i n u m  H y d r i d e  R e d u o t i o n s
P reparetion  of try p to p h o l(3? ) .  Indole—3—a ca tio  acid
(3 2 ) (5 g . ; 0.028  mole) waa d is so lv e d  in  300 m l. of dry e th er  
and the s o lu t io n  was added dropwise to  a s lu r r y  of l.ij. g .  of 
l i th iu m  aluminum hydride in  100 m l. of dry e th er  a t  a rate  
s u f f i c i e n t  to  m aintain  g e n t le  r e f lu x .  A fter  a d d it io n  was com­
p le t e d ,  the mixture was allowed to  s t i r  f o r  15 min. and a few 
drops of water were added fo llow ed  by dropwise a d d it io n  o f  60 
m l. of 10$ sodium hydroxide s o lu t io n .  The e th er  la y e r  was 
separated and the water la y e r  and the in so lu b le  m a ter ia l  were 
ex tracted  w ith  two 100-m l. p o rt io n s  of hot chloroform . The 
combined chloroform and e th er  s o lu t io n s  were dried over an­
hydrous potassium oarbonate and the s o lv e n ts  were removed on 
a steam cone. The tryptophol (33.) obtained in  t h i s  manner 
was a l ig h t -c o lo r e d  o i l  (3 • I4. g . ;  81$) which was converted too  
the bromide w ithout fu r th e r  p u r i f i c a t io n .
When the r e a c t io n  was- run on a la r g e r  s c a le ,  employ­
ing tetrahydrofuran  as the s o lv e n t ,  the a lc o h o l JL2. wa3 ob- ’ 
ta ined  in  52$ y ie ld  as a n early  white s o l i d .  A fter  one re— 
o r y s t a l l i z a t i o h  from benzene, the s o l id  melted a t  52—53°
5 0( l i t .  , m.p. 57-58 ) .  The in frared  spectrum was c o n s is te n t  
w ith  th a t  expected (21—139ij.; I n -1663) .
Preparation  of y  —(in d o l—3—y l)p r o p a n o l(5 8 ) .  A so lu ­
t io n  o f  5 - g .  of the acid  32  300 m l. of dry e th er  was added
dropwise, w ith  s t i r r i n g ,  to  a s lu r r y  of 1 ,l\B g .  of lith iu m
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aluminum h y d r id e  i n  75 m l .  ° f  dry  e t h e r .  The m ixture  was 
a l lo w ed  t o  s t i r  f o r  12 h r s .  The e x c e s s  h y d r id e  was decon>- 
posed by a c u t i o u s  a d d i t i o n  o f  a few drops o f  w a t e r ,  f o l l o w e d  
by dropwise a d d i t i o n  o f  50 m l .  o f  10% sodium hydrox ide  s o l u ­
t i o n .  Woi'kup i n  the same manner employed f o r  t r y p to p h o l  
a f fo r d e d  i|. g .  (S>9%) o f  j58 as  an o i l  which  c o u ld  n o t  be caused  
t o  c r y s t a l l i z e .  I d e n t i f i c a t i o n  was based on the  absence  o f  
a b s o r p t i o n  a t  1695 cm"”1 i n  the in f r a r e d  spectrum (21—1853)  and 
the  p r e s en ce  of  a b s o r p t io n  bands due t o  th e  oxygen—hydrogen  
s t r e t c h i n g  v i b r a t i o n  a t  3520  cnT1 and 3200  cirT'1 and the carbon— 
oxygen s t r e t c h i n g  v i b r a t i o n  a t  1025 cm"”1 .
P r e p a r a t io n  o f  ^  —(2—p h e n y l i n d o l—3—y l ) p r o p a n o l ( 6 6 ) .
,A 9. 4^- g .  sample o f  impure a c id  in  dry e t h e r  was added
dropwise t o  a s l u r r y  o f  2 . 7  g . o f  l i t h i u m  aluminum hydride  in  
e t h e r .  The m ixture  was s t i r r e d  w i t h  a m agnet ic  s t i r r e r  f o r  
5 h r s .  and worked up as  b e f o r e .  The p rod uct  was i s o l a t e d  as  a 
y e l l o w  o i l  w hich  c r y s t a l l i z e d  when s c r a tc h e d  w i t h  a g l a s s  rod .
One r e c r y s t a l l i z a t i o n  o f  the  crude s o l i d  from ch loro form  a f ­
forded  7 . 2 9  (81%) of  the a l c o h o l  1^, m .p .  9 7 •5—98° (Ir>-113).  
R e c r y s t a l l i z a t i o n  o f  a s m a l l  amount o f  t h i s  a l c o h o l  from ben­
zene gave a s o l i d  w hich  m elted  a t  1 2 5 .8 —1 2 7 .5°  and e x h i b i t s  ho  
oxygen—hydrogen s t r e t c h i n g  a b s o r p t i o n  i n  the  in fr a r e d  spectrum  
(21—3 0 9 6 ) .  Th is  m a t e r i a l  r e t a i n e d  the  a b s o r p t i o n  due t o  the
2—p h e n y i i n d o le  chromophore i n  th e  u l t r a v i o l e t  speotrum a t  228 m u 
and 310 m u ,  y e t  i t s  a n a l y s i s  did n o t  correspon d  t o  th o s e  o f  the  
a l c o h o l  This  s o l i d  was n o t  f u r t h e r  c h a r a c t e r i z e d .
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Anal, ca lcd .  f o r  C H NO: C, 79 .9 ;  H, 6 .83 ;  N, 5 .6 0 .
Found: C, 7l|-.58; h , 6 .3 5 ,  6.1*2; N, [[..17.
The alcolio l  l±J_ obtained a f t e r  r e c r y s t a l l i z a t i o n  from 
chloroform was used in  subsequent s tep s .
Preparation of ^ ~(2~fngthylindol—3",yl)Qthanol (8l ) .
A 38 .5  g .  sample of  the e s t e r  80, d i s so lv e d  in  1*00 ml. of 
tetrahydrofuran, was added dropwise to  a s t i r r e d  s lurry  of 
10 g .  of  l i th ium  aluminum hydride in  100 ml. of tetrahydro— 
furan.  A fter  the addit ion  was complete, the mixture was
s t ir r e d  f o r  2 hrs .  and allowed to stand fo r  13 h rs .  more.
The excess  hydride was decomposed with  water and the s o l id  
residue was removed by f i l t r a t i o n .  This s o l id  was extracted  
with  hot chloroform and the ex tra c t  was combined with  the 
f i l t r a t e  and dried over anhydrous potassium carbonate. After  
removal of the so lv e n ts  at  reduced pressure ,  26.5  g .  (81$) of 
- the a lc o h o l  81 was obtained. The infrared spectrum of t h i s  
m ater ia l  ( ln—717) was c o n s i s t e n t  with  that  expected fo r  81 .
The a lc o h o l  _8l formed a red p icra te  m elt ing  at  129—131°
( l i t . 1*-9, 13k-5°).
Preparation of — ( 3 , Ijj-^imethoxyphenyl)ethano l (36 ) .
A 10 g .  sample of 3,[p—dime thpxyphenylace t i c  acid (35) ( In -8 l8 )  
in  tetrahydrofuran was added to a s lu rry  of 1* g .  o f  l i th ium  
aluminum hydride in  tetrahydrofuran. The mixture was allowed  
to  s t i r  f o r  2 h rs .  and was worked up in  the usual manner. The 
a lc o h o l  ^  was obtained in  e s s e n t i a l l y  q u a n t i ta t iv e  y i e ld  as 
an o i l  ( In -9 9 5 ) .  The o i l  c r y s t a l l i z e d  when cooled and scratched
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w i t h  a g l a s s  rod t o  g i v e  6 . 8  g .  (92$ )  o f  36 as a n e a r l y  w h i t e  
s o l i d ,  m .p .  35-4-2° ( l i t , I4.7—^ 8° ) .
P r e p a r a t i o n  o f  ^  — (2—m e t h y l l n d o l —3—'y l ) p r o p a n o l ( 7 9 ) .
A Ijlj. g .  sample o f  th e  e s t e r  J 8 was reduced w i t h  11 g .  o f  
l i t h i u m  aluminum h y d r id e  i n  the  u s u a l  manner, em ploy ing  t e t r a — 
h y d ro fu ra n  as  the  s o l v e n t .  The a l c o h o l  was o b ta in e d  as  a 
l i g h t —orange o i l ,  ( b . p .  209—210° a t  0 .8  mm.) , i n  80$  y i e l d .
The s t r u c t u r e  was based  on th e  l a c k  o f  carbon—oxygen double  
bond s t r e t c h i n g  a b s o r p t i o n  i n  the i n f r a r e d  spectrum (21—3I4.O9 ) 
and the  p r e s e n c e  o f  bands due t o  th e  oxygen—hydrogen  s t r e t c h ­
in g  v i b r a t i o n  a t  3530 cm"J ' and 3300 crrf- 1 .
A n a l ,  c a l c d .  f o r  G, 7 6 . 2 ;  H, 7 .9 9 *
Found: C, 7 6 . 5U? H, 8 . 1 3 .
P h o s p h o r o u s  T r i b r o m i d e  B r o m i n a t i o n s
P r e p a r a t i o n  o f  —( i n d o l —3—y l ) e t h y l  bromide (^ U )«
To a dry e t h e r e a l  s o l u t i o n  o f  12 g .  o f  t r y p t o p h o l  U 2 )  was 
added a s o l u t i o n  o f  25  g .  o f  phosphorous tr ib r o m id e  i n  dry  
e t h e r .  Im m ediate ly  a l i g h t  c o l o r e d  gum c o a t e d  th e  f l a s k .
The m i x t u r e ,  a f t e r  s t a n d in g  f o r  7 h r s . ,  was poured i n t o  c o l d  
w a te r  and n e u t r a l i z e d  w i t h  sodium b i c a r b o n a t e .  The e t h e r  
l a y e r  was s e p a r a te d  and the  w a te r  and i n s o l u b l e  r e s i d u e  were  
e x t r a c t e d  w i t h  e t h e r  and c h lo r o fo r m .  The combined s o l u t i o n s  
were d r ie d  o ver  anhydrous p o ta s s iu m  c a r b o n a te  and the  s o l v e n t s  
were removed under reduoed p r e s s u r e  w i t h o u t  h e a t i n g .  The
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l i g h t  s o l id  (10 .8  g . ,  6 4 »%$) obtained in  t h i s  manner melted 
a t  94—100° ( l i t . -'*®, 98—99° ) • The lack  of oxygen-hydrogen 
s tre tc h in g  absorption in  the infrared spectrum ( I n - l 6 8 l )  of 
t h i s  m ater ia l  and a s tron g ly  p o s i t i v e  B e i l s t e i n  flame t e s t  
f o r  halogen confirmed the presence of the bromide 3 4 .
P re pa r a t io n  of —(indol—3—y l )  propyl bromide (59 ) .  
Several  attempts to  prepare the bromide £ 2  analogous to  the 
method used f  or ^ — (indol—3 ~ y l )e th y l  bromide Q 4 ) ,  gave only 
a dark red o i l .  Lengthy attempts to  pur ify  t h i s  o i l  were 
unsuccess fu l  and g en era l ly  re su l ted  in  decomposition to  a 
black ta r .  The o i l ,  which gave a p o s i t i v e  B e i l s t e i n  flame 
t e s t  f o r  halogen and an infrared spectrum (21—1825) con­
s i s t e n t  with  that  expected, was trea ted  with  3—cyanopyridine  
without fur th er  p u r i f i c a t io n .
Preparation of ^  —(2—phenylindol—3—yl)p ro p y l  bromide 
(6 7 ) .  A 9 g .  sample of  the a lcoho l  66 was d isso lved  in dry 
benzene and a few drops of pyridine and 3 ml. of phosphorous 
tribroraide were added. The mixture was heated under re f lu x  
overnight ,  ^ f t e r  co o l in g ,  the r e a c t io n  mixture was poured 
onto cold water-and was neu tra l ized  with  sodium bicarbonate .
The benzene la y e r  was separated from the water la y e r ,  and 
the in so lu b le  m ater ia l  waff- extracted  w ith  ether  and chloro­
form. The benzene, e th er ,  and chloroform s o lu t io n s  were com­
bined and dried over anhydrous potassium carbonate.  The 
so lv e n ts  were removed under reduced pressure without the appli­
c a t io n  of  heat and a tan o i l  was obtained which c r y s t a l l i z e d
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
71
when s c r a tc h e d  w i t h  a g l a s s  rod .  The s o l i d  was d i s s o l v e d  i n  
a l c o h o l  and the  h o t  s o l u t i o n  was t r e a t e d  w i t h  w a te r  u n t i l  
j u s t  t u r b i d .  On s t a n d in g ,  a r e s i n o u s  m a t e r i a l  s e p a r a t e d .
The s u p e rn a ta n t  l i q u i d  was decanted  and c h i l l e d .  The s o l i d  
which se p a r a te d  from the  c o ld  s o l u t i o n  was removed by f i l t r a ­
t i o n  and r e c r y s t a l l i z e d  from aqueous a l c o h o l  a f f o r d i n g  7 *6  g .  
( 6 7 .5 $ )  o f  the  bromide &]_, m .p .  9 7 -2 —1 0 0 . 5 ° .  This  m a t e r i a l  
e x h i b i t e d  o n ly  n i t r o g e n -h y d r o g e n  s t r e t c h i n g  a b s o r p t i o n  i n  the  
in f r a r e d  r e g i o n  above 3100 cm’” 1 and gave a s t r o n g  B e i l s t e i n  
f lam e t e s t  f o r  h a lo g e n .  A sm a l l  amount o f  the  bromide 6£  was 
r a c r y s t a l l i z e d  from l i g r o i n  ( b . p .  10C—1 1 5 ° )  and m e lted  a t
9 9 .2 - 1 0 1 °  ( 2 1 - 3 1 8 5 ) .
A n a l ,  o a l c d .  f o r  C ^ H ^ N B r :  C, 6 5 . 0 1 ;  H, 5 . 2 3 .
Pound: C, 6 5 .3 3 ;  H, 5 .1 6 *
P r e p a r a t io n  of  —(2—m e t h y l i n d o l—3—y l ) e t h y l  bromide
(.8 2 ) » A 2 1 .3  g. sample o f  the a l c o h o l  8l  was d i s s o l v e d  i n  
dry e t h e r  and the  s o l u t i o n  was d iv id e d  i n t o  f i v e  n e a r l y  eq u a l  
p o r t i o n s .  To each  p o r t i o n  was added an e t h e r e a l  s o l u t i o n  o f  
3 g .  o f  phosphorous t r ib r o m id e .  A f t e r  s ta n d in g  f o r  15 min.  
the  samples were combined, poured onto  c o ld  w a te r  and n eu tra ­
l i z e d  w i t h  sodium b i c a r b o n a t e .  The e t h e r  l a y e r  was se p a r a te d  
and the  w a te r  l a y e r  was e x t r a c t e d  w i t h  e t h e r  and c h lo r o fo r m .  
A f t e r  d r y in g  the  combined s o l u t i o n s  and removing the  s o l v e n t s  
a t  reduced p r e s s u r e  w i t h o u t  h e a t i n g ,  the  bromide 82 was ob­
t a in e d  as a n e a r l y  c o l o r l e s s  o i l  ( l n —5 l l )  w h ich  was n o t  f u r t h e r  
p u r i f i e d .
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Preparation of ^  —( 3 .iu—<3linethoxyphenyl)ethyl bro­
mide ( j p .  & 35 .4  g .  sample of the a loohol 2k  was d is~  
solved in  dry benzene and a few drops of pyridine were added.
To t h i s  s o lu t io n  was added 54 S* of phosphorous tribromide  
and the mixture was heated under r e f lu x  fo r  3 hr s., After  
standing overnight a t  room temperature, the mixture was poured 
in to  ice  water and neutra l ized  with  sodium bicarbonate .  Work­
up in  the usual manner afforded 37.99  ( 7 8 . 5 / 0  of ^2 as a nearly  
c o l o r l e s s  o i l .  This m ater ia l  gave a s trong ly  p o s i t i v e  B e i l—  
s t e i n  flame t e s t  f o r  halogen and the infrared spectrum (In-1697)  
was c o n s i s t e n t  with  that  expected. The bromide 2Z was no  ^
p u r if ied  fur th er .
Quaternization Reactions of 3—Cyanopyridine
Preparation of  1—benzyl—3-cyanopyridI tium bromide(23) .  
Benzyl bromide (8 .55  g . ,  0 .05  mole) and 3—oyanopyridine (5 .08  g . ,
0 .05  mole) were d isso lved  in  acetone and the so lu t io n  was heated 
undei r e f lu x  f o r  If. h rs .  The s o l id  which separated was removed 
by f i l t r a t i o n  and washed with  cold acetone .  The f i l t r a t e  and 
washings were combined and concentrated. The so lven t  was de­
canted from the o i l  which separated and the o i l  was caused to  
c r y s t a l l i z e  by warming under acetone.  This s o l id  was removed 
by f i l t r a t i o n  and washed with  cold acetone.  The combined 
s o l i d s  were r e c r y s t a l l i z e d  from Isopropyl a lcohol  y ie ld in g
7 .2  g .  (52{£) of 2j} as . l i g h t  tan c r y s t a l s ,  m.p. Iip7.5—151° dec.  
(21- 1084).
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P r e p a r a t i o n  of  N— ^ — ( i n d o l —3—y l ) e t h y l  —3—cyano—
p y r ld in lu m  b r o m ld e (2 8 ) .  The bromide jLj. and 3—1oy a n o p y r i d i n e ,  
i n  a 1 :3  r a t i o ,  were h e a te d  on a steam cone i n  th e  a b sen ce  
of  s o l v e n t .  .After 30  m i n . ,  th e  y e l l o w  s o l i d  w h ich  s e p a r a te d  
was removed by f i l t r a t i o n  and washed w i t h  a c e t o n e .  The f i l ­
t r a t e  and w a s h in g s  were r e tu r n e d  t o  th e  steam c o n e ,  and the  
p r o c e s s  was r e p e a te d  u n t i l  no more s o l i d  s e p a r a t e d .  The 
q u a te r n a r y  s a l t  2Q, a f t e r  two r e c r y s t a l l i z a t i o n s  from methano^,  
m elte d  a t  2 2 2 - 2 2 2 .5 °  ( 2 1 - 1 6 6 0 ) .
A n a l ,  o a l c d .  f o r  C^^H^N^Br: C, 5 8 . 5 ;  H, ^ . 2 8 .
Found: C, 5 8 . 9 5 ,  H, l i . 5 7 .
P r e p a r a t i o n  o f  N— ^ —( in d o l—3—y l ) p r o p y l  —3—c y a n o -
p y r id in iu m  b ro m id e ( 5 6 ) .  Attempted q u a t e r n i z a t i o n s  o f  3— 
c y a n o p y r id in e  w i t h  th e  crude bromide i n  e t h e r  and i n  
m ethanol  a t  room tem perature  r e s u l t e d  i n  th e  f o r m a t i o n  o f  
b l a c k  t a r s .  Q u a t e r n i z a t i o n  i n  the  manner employed f o r  the  
p r e p a r a t i o n  o f  th e  s a l t  28 was a t t e m p te d ,  and an e t h e r  i n ­
s o l u b l e  o i l  \tfas o b t a i n e d .  This  m a t e r i a l  c o n t a in e d  a b s o r p t i o n  
due t o  th e  in d o l e  system  and the  p y r i d i n e  sy s tem  i n  th e  ir>- 
f r a r e d  spectrum  (21—1 8 3 9 ) .  A l l  a t t e m p ts  t o  ca u se  i t  t o  
c r y s t a l l i z e  met w i t h  f a i l u r e  and, s i n c e  f u r t h e r  a t t e m p ts  a t  
p u r i f i c a t i o n  r e s u l t e d  in  d e c o m p o s i t io n ,  th e  crude s a l t  ^6 
was employed i n  the  d i t h i o n i t e  r e d u c t i o n .
P r e p a r a t i o n  o f  N— y  — (2—p h e n y l i n d o l —3—y l ) p r o p y l  —3— 
c y a n o p y r id in iu m  brom ide (6 f t ) .  A ttem p ts  t o  p re p a re  th e
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quaternary s a l t .  63 by hea t ing  a mixture of  the bromide 63 and 
3—cyanopyridine on the steam cone, y ie ld e d  an e th er  in so lu b le  
o i l  which could not be c r y s t a l l i z e d .  The u l t r a v i o l e t  spectrum, 
w ith  bands a t  300 mu and 220 mu, and the in frared  spectrum 
(In -73 )  of  t h i s  crude m a te r ia l ,  were c o n s i s t e n t  w ith  that  ex­
pected f o r  the s a l t  63,. This o i l  was reduced without fu r th er  
p u r i f i c a t i o n .
Preparation  o f  N— ^  — (2 -m ethyl indol— 3 ~ y l ) e th y l  — 3~ 
cyanopyridinium bromide(77).  A s o lu t io n  of 24 g .  of the 
bromide 82 and 8.59  o f  3~cyanopyridine in  acetone was allowed  
to  s tand ,  and a ye l low  s o l id  separated a f t e r  two days. The 
s o l i d  wa.s removed by f i l t r a t i o n  and r e c r y s t a l l i z e d  from
i
methanol y i e ld i n g  12.5  g .  (3 6 .5$) o^ the s a l t  JJ_, m.p. 19^-  
197° .  Some more m a te r ia l  could be i s o l a t e d  from the mother— 
l iq u o r  but i t  was contaminated. A small sample of  the I n i t i a l  
p r e c ip i t a t e  was r e c r y s t a l l i z e d  twice more from methanol and 
once from water,  g iv in g  pure m.p. 197~ 198° d ec . (21—3^20 ) .
.Anal, ca lcd .  f o r  C^H^BrN^: C, 5 8 .7 ;  H, 24.. 71 *
Calcd. f o r  G^H^BrN^ + H20: C, 5 6 .8 ;  H, 5 .0 3 .  Pound:
C, 5 6 .6 7 ,  5 6 .6 0 ;  H, 5 .4 9 ,  5.46.
Preparation  of  ^  —(3 .4—dimethoxyphenyl)ethyl —
3-cyanopyridinium bromide( 3 8 ) . A 3 7 .9  g .  sample of the 
bromide 3Z was heated on the steam cone w ith  17 g .  of  3—oyaho-  
p y r id in e .  The s o l i d  which separated was removed by f i l t r a t i o n
and washed w ith  ace ton e .  The process  was repeated as in  the 
preparat ion  of  28 u n t i l  no more s o l i d  could be obtained. This
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method a f fo r d e d  I4J4..3 g .  ( 8 2 . l\.%) o f  the  s a l t  93 a n e a r l y  
w h ite  s o l i d ,  m .p.  229—230° .  A f t e r  th r e e  r e c r y s t a l l i z a t i o n s  
from a c e to n e  w i t h  a small^amount o f  m ethanol  added t o  a id  
s o l u t i o n ,  the  s a l t  m alted  a t  233—237° ( 21—3 ip-9 ) .
A n a l ,  c a l c d .  f o r  C ^ H ^ B r l h ^ : C, 5 ^ . 8 ;  H, i^. 9 1 .
F oun d:  C, 5 ^ . 5 8 ;  H, 5 . 0 1 .
D i t h i o n i t e  R e d u c  t  i o n s  o f  P y r i d i n i u m  S a l t s  a n d  A c  i d i f i c a t i o n  
o f  t h e  P r o d u c t s .
D i t h i o n i t e  R e d u c t i o n  o f  H— ^  — ( :ind o l —3—y l ) e t h y l  —
3—cyanopyrid  inlum bromide ( 2 8 ) .  a ) A i| g .  sample o f  the  
q u a ter n a r y  s a l t  28  was d i s s o l v e d  i n  a minimum amount o f  metha­
n o l  a t  room tem perature .  V/ a t e r  was added u n t i l  the m ixture  
became s l i g h t l y  tu r b id  and e x c e s s  sodium d i t h i o n i t e  was added 
in  sm all  p o r t i o n s  w i t h  s t i r r i n g .  Im m ediate ly  the  o r a n g e -  
y e l l o w  s o l u t i o n  turned l i g h t  y e l l o w  and t u r b i d ,  and soon  a 
s o l i d  began to  s e p a r a t e .  The s o l i d  was removed by f i l t r a t i o n  
and one r e c r y s t a l l i z a t i o n  from m ethanol a f fo r d e d  2 .3  g .  ( 75 .^) 
o f  8 * 9 , 9a—h ex a h y d ro -7—cy a n o in d o lo  [ 2 , 3—a] q u i n o l i z i n e
(30)  as t a n  n e e d l e s ,  m .p.  223—2 2 5 ° .  The in f r a r e d  spectrum  
( 21—1 6 6 9 ) ,  w i t h  bands a t  2190 cm""1 and 1630 cm""1 , and the
u l t r a v i o l e t  a b s o r p t i o n  a t  280 mu ( 20I4.6 0 ) and 223 ran ( 20830)
were c o n s i s t e n t  w i t h  t h a t  ex p e c te d  f o r  the  c y c l i c  product  3 0 .
A n a l ,  c a l c d .  f o r  : G, 7 7 . 1 ;  H, 6 . 0 7 ;  N5 1 6 . 8 6 .
F oun d:  G, 77-9k; H, 6 . 3 3 ;  N, 1 6 . 9 3 .
b) A sm a l l  amount o f  the s a l t ,  as  a s l u r r y  i n  w a te r -
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under a la y e r  of e th e r ,  was trea ted  w ith  sodium d i t h i o n i t e  
u n t i l  the e th er  la y e r  no longer  became c o lo red .  The e ther  
s o lu t io n  was dried w ith  anhydrous potassium carbonate and 
the e th e r  was removed a t  reduced pressure without h e a t in g .
An o i l  was obtained which could not be caused to  c r y s t a l l i z e .  
The in frared  spectrum (In~l6[j.8) of t h i s  m a te r ia l  had bands 
a t  2190 cm*"1 , 1680 crrT'1 , and 1600 crrT'1 in d ic a t in g  the pre­
sence of It- (3 —( in d o l—3—y l )  9 th y l  —1 ,4 —dihydro—3-^y a no­
pyrid ine  (29)» A band a l s o  appeared a t  3500 cm**1 which was 
not diminished on fu r th e r  drying.  This dihydropyridine was 
unstab le  and decomposed on fu r th e r  attempted p u r i f i c a t i o n ,
D i t h io n i t e  reduotion  of ft— — ( in d o l—3—y l)p r o p y l  —
3—cyanopyridinium bromide(£6 ) .  The crude quaternary s a l t
was d is so lv e d  in  aqueous methanol and sodium d i t h i o n i t e  was 
added in  small p ort ions  u n t i l  no fu r th er  c o lo r  change, could  
be observed, then a few more port ions  of d i t h i o n i t e  x^ere added. 
A fter  s t i r r i n g  f o r  15 m in . ,  a gummy res idue  separated.  Addi­
t i o n  o f  water to  the methanol s o lu t io n  oaused more m ater ia l  to  
sep ara te .  The supernatant l iq u id  was decanted and the gummy 
res idue  was d is so lv e d  in  acetone .  Water was added u n t i l  the 
mixture became s l i g h t l y  turb id .  A fter  standing a few days,  
a v is c o u s  o i l  separated w ith  a few c r y s t a l s  on top .  The 
c r y s t a l s  were removed by decanting a suspension  of them in  
the supernatant l i q u i d .  The r e s id u a l  o i l  was r e d i s s o lv e d  in  
aee ton e ,  water was added, and the process  was repeated u n t i l  
no more c r y s t a l l i n e  m a te r ia l  was obtained .
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The s o l i d  th u s  o b ta in ed  was r e c r y s t a l l i z e d  s e v e r a l  
t im e s  from a c to n e  t o  y i e l d  about  100 mg. o f  a n e a r l y  w h i t e  
s o l i d  m e l t i n g  a t  125—1 2 8 ° .  The i n f r a r e d  spectrum (21—2 0 3 9 )  
o f  t h i s  m a t e r i a l  e x h i b i t e d  two n i t r o g e n —hydrogen  s t r e t c h i n g  
bands a t  3340 crrT"1 and 33&0 cm” 1 , n i t r i l e  a b s o r p t i o n  a t  2180  
crrT*1 , and a b s o r p t i o n  i n d i c a t i v e  o f  a t e t r a h y d r o p y r i d i n e  a t  
1615 crrf1 . The u l t r a v i o l e t  a b s o r p t i o n  a t  22 4  m u ( 3 1 , 4 0 0 )
and 276 mu ( 2 2 , 4 0 0 ) , wa s a l s o  c o n s i s t e n t  w i t h  t h a t  e x p e c te d
f o r  1 , 2 , 6 ,  7 ,  8 ,1 0 a —h ex a h y d r o -3 —c y a n o in d o l o  ^ 2 ,3 — :Q—5H—p y r id o —
1 , 2 —a —a z e p in e  ( 6 2 ) .
A sample was s e n t  f o r  a n a l y s i s  but  a p o r t i o n  w hich  
was k ep t  beh ind  decomposed a f t e r  a few d a y s .  The n i t r o g e n  
a n a l y t i c a l  v a lu e  i s  c o r r e c t  but  the ca rb o n  and hydrogen  
v a l u e s  are  n o t  c o n s i s t e n t  w i t h  the  s t r u c t u r e  62 or any o t h e r  
r e a s o n a b le  p ro d u c t  o f  t h i s  r e a c t i o n .
A n a l ,  c a l c d .  f o r  : G, 77*53;  H, 6 . 5 7 ;
1 5 . 9 6 .  Pound: C, 7 1 *95 ,  7 2 . 0 5 ;  H, 7 - 5 8 ,  7 . 4 1 ;  N, 1 5 . 5 7 .
D i t h i o n i t e  r e d u c t i o n  o f  IE- ^  —(2—p h e n y l i n d o l —3—
y l ) p r o p y l  —3 -c y a n o p y r id in iu m  brom ide( 6 5 ) . a sample o f  the  
crude s a l t  6jl was d i s s o l v e d  i n  50% m e th a n o l .  A s m a l l  amount 
of  sodium b ic a r b o n a t e  was added t o  the  s t i r r e d  s o l u t i o n  f o l —  
lowed by a d d i t i o n  o f  sodium d i t h i o n i t e .  A f t e r  15 m i n . ,  the  
m ix tu re  was e x t r a c t e d  w i t h  c h lo r o fo r m ,  and the  e x t r a c t  was 
d r ie d  w i t h  anhydrous p o ta s s iu m  c a r b o n a t e .  The ca r b o n a te  was 
removed by f i l t r a t i o n ,  and the  ch lo r o fo r m  was d i s t i l l e d  a t  
reduced  p r e s s u r e .  The b ro w n ish  semi—s o l i d  o b ta in e d  i n  t h i s  
manner seemed from i t s  i n f r a r e d  spectrum ( In —95) t o  be a
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mixture of S -  ^  — (2—phenylindol—J-^ylJpropyl —£,Ip~dlhydr6--  
3—cysnopyridine (X^) an  ^ the s ta r t in g  s a l t  6^. This mixture 
r e s i s t e d  a l l  attempts at  p u r i f i c a t i o n  and decomposed r e a d i ly .
D ith io n i t e  reduct ion  o f  (3 — (3 ,h-—dimath oxy phenyl)  
e t h y l  »-3-cyanopyridinium bromide (3 8 ) .  a) A 5 g .  sample of  
the quaternary s a l t  38  was d is so lv ed  in  200 ml. of methanol 
and 50 ml. o f  water was added. A three—f o ld  excess  of sodium 
d i t h i o n i t e  was added, and the mixture was s t i r r e d  fo r  6 h r s . .  
w ith  a stream o f  n itrogen  bubbling through i t .  The re a c t io n  
mixture was extracted  w ith  e ther  and chloroform. After  drying 
both e x t r a c t s  separa te ly  with  anhydrous potassium carbonate,  
the e th er  e x tr a c t  was concentrated under reduced pressure .
The dark o i l  which was obtained appeared to  be the r e s u l t  of 
decomposit ion. The chloroform e x t r a c t ,  a f t e r  standing over­
n ight  in  contact  w ith  the drying agent,  was concentrated  
under reduced pressure without h e a t in g .  An attempt was made 
to  r e d i s s o lv e  the se m i-so l id  m ater ia l  which was obtained and 
a w h ite ,  chloroform in so lu b le  s o l i d  remained. This s o l id  was 
separated by f i l t r a t i o n  and melted at  205—215° w ith  decom­
p o s i t i o n .  The infrared spectrum ( In-1916) of  t h i s  m ater ia l  
ind ica ted  the presence of the tetrahydropyridine system. The 
water layer  from the o r i g in a l  r e a c t io n  mixture was heated to  
remove organic so lv e n ts  and was saturated w ith  potassium carbo­
n a te .  The o i l  which separated was removed and, when treated  
with  chloroform, c r y s t a l l i z e d .  The infrared  spectrum o f  t h i s  
m a ter ia l  (21—3557) showed i t  to  be id e n t i o a l  w ith  the s o l id  
obtained from the chloroform e x t r a c t .  The combined s o l i d s ,
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2 . 3  g . ,  a f t e r  t h r e e  r e c r y s t a l l i z a t i o n s  from m ethan o l  a f f o r d e d  
a w h i te  s o l i d ,  m .p .  225—229° d e c .
A n a l ,  c a l c d .  f o r  C-^H-^HqOq (6M ; C, 7 1 . 1 ;  H, 6 . 7 0 ;
N, 1 0 . 3 5 .  Found: C, L|_8.12; H, l|_„86; N, 8 . 5 0 .
The s o l i d  was d i s s o l v e d  i n  m ethan o l  and anhydrous  
hydrogen  c h l o r i d e  was bubbled i n t o  the  s o l u t i o n .  A s t r o n g  
m ercaptan—l i k e  odor was n o t i c e a b l e ,  and e x t e n s i v e  decom posi­
t i o n  was e v i d e n t .  A s o l u t i o n  o f  the s o l i d  i n  m ethan o l  was 
h e a te d  under r e f l u x  f o r  10 h r s .  w i t h  m e th y l  i o d i d e .  A f t e r  
s t a n d in g  f o r  2 days a t  room te m p e r a tu r e ,  the  s o l v e n t  was re — ■ 
moved under reduced  p r e s s u r e  and a w h i t e  s o l i d  was o b t a in e d .
A f t e r  r e c r y s t a l l i z a t i o n  from m ethan o l  and from i s o p r o p a n o l ,  
the  s o l i d  m e lted  a t  171—17 if-0 (In—1 2 3 7 ) .  Th is  m a t e r i a l  was 
u n s t a b l e  i n  benzene and decomposed on a t tem p te d  r e c r y s t a l l i —
i
z a t i o n  from t h a t  s o l v e n t .
The o r i g i n a l  s o l i d ,  m .p .  225—229° d e c . ,  was s o l u b l e  
i n  w a te r  and burned w i t h  a red f l a m e .  The p r e s e n c e  o f  s u l f u r  
was conf irm ed  by e l e m e n t a l  a n a l y s i s ,  and th e  s t r o n g  a b so rp ­
t i o n  a t  1250 cm""1 in  th e  in f r a r e d  spectrum o f  t h i s  m a t e r i a l  
( In —1916)  s u g g e s t e d ^  the  p o ta s s iu m  s u l f i n a t e  Jj-0 a s  the  c o r ­
r e c t  s t r u c t u r e .  S u l f i n i c  a c i d  s a l t s  g e n e r a l l y  c r y s t a l l i z e  
w i t h  w a te r  o f  c r y s t a l l i z a t i o n ! ^
A n a l ,  o a l o d .  f o r  C-^H^NgSO^K-HgO: C, I4.8 . 9 J H, 5 * 3 6 ;
N, 7 . 1 5 .  Found: C, lj .9.07, i}-9.0i+; H, 5 .2lp, 5 . 2 2 ;  N, 6.7lj-.
b )  A 10 g .  sample o f  th e  s a l t  ^8 i n  w a te r  under a 
l a y e r  o f  e t h e r ,  was t r e a t e d  w i t h  7 g* o f  sodium d i t h i o n i t e .
The r e a c t i o n  m ix tu re  was s t i r r e d  f o r  10 m i n . ,  the  e t h e r  l a y e r
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was separated, and more ether  was added. This process  was 
continued u n t i l  the e th er  layer  no longer became co lored .
The m ater ia l  in  the e th er  layer  decomposed on workup probably 
due to  the a p p l ic a t io n  of  h e a t .  The water la y e r ,  which was 
a c i d i c ,  was treated  w ith  potassium carbonate and turned a very  
dark brown. A fter  a c i d i f i c a t i o n  with  concentrated hydro­
c h lo r ic  ac id ,  the water layer  l ightened  and a s o l id  separated.  
The. s o l id  was extracted  in to  chloroform, and the s o lu t io n  was 
dried w ith  anhydrous potassium carbonate.  The chloroform was 
removed at  reduced pressure leav ing  a s o l id  which melted,  
a f t e r  one r e c r y s t a l l i z a t i o n  from methanol,  a t  166—167° with  
decomposition. The infrared spectrum (In—llp91) > in d ica t iv e  
of the tetrahydropyridine system, was i d e n t i c a l  to  that  of 
the s o l id  i s o la t e d  from heating  the potassium s u l f in a te  ^0 
in  methanol in  the presence of m ethy l iod id e . Elemental  
analyses  indicated  the absence of  su l fu r  and halogen. After  
r e c r y s t a l l i z a t i o n  from isopropanol,  t h i s  m ater ia l  melted at  
171.5-17^° w ith  decomposition.
Anal, ca lcd .  f o r  C, 71 .1 ;  H, 6 .70;  .
N, 1 0 .35 .  Found: C, 71 .29 ,  71 .35;  H, 6 . 89 , 6 .97 ;  N, 10.1|i;,
10.5 .^
The nuclear magnetic resonance spectrum of t h i s  
m a te r ia l ,  w ith  three bands, represent ing  three hydrogens, at  
6 .9 0 ,  6 .7 5 ,  and 6 .68  ppm from te tra m eth y ls i la n e ,  confirmed 
the product as 3 , i t , 5 ,8 ,9 ,9 a —hexahydro-»7—cyano-41, 5 ,—dimethoxy— 
benzo 1,2—a ~<iuinolizine (i±0L) .
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c )  A 2 g .  sample o f  the  s a l t  Jl8 waa d i s s o l v e d  i n  
w a te r  under a l a y e r  o f  e t h e r .  A s m a l l  amount o f  sodium b i— . 
ca r b o n a te  was added f o l l o w e d  by a d d i t i o n  o f  sodium d i t h i o n i t e .  
As b e f o r e ,  the  e t h e r  was changed a t  i n t e r v a l s  and d i t h i o n i t e  
was added u n t i l  the  e t h e r  l a y e r  remained c o l o r l e s s .  The com­
b in e d  e t h e r  e x t r a c t s  were d r ie d  w i t h  p o ta s s iu m  c a r b o n a t e .
A f t e r  f i l t e r i n g  the  s o l u t i o n ,  th e  e t h e r  was removed under re ­
duced p r e s s u r e  w i t h o u t  a p p ly i n g  h e a t .  The dark  o i l  w h ich  was 
o b ta in e d  had bands i n  th e  in fr a r e d -  spectrum  (In —1561)  a t  2205  
cm""1 , 1680 cm-"1 and 1605 cm""1 c o n s i s t e n t  w i t h  t h a t  e x p e c t e d  
f o r  N— f —3 ,b —d im e t h o x y p h e n y l ) e t h y lJ  — l , l j —d ih y  dr o—3—cy a n o -
p y r i d i n e  0 2  > and a band n ea r  3600  crrT"1 w hich  s u g g e s t e d  the  
p r e s e n c e  o f  w a t e r .  The o i l  was r e d i s s o l v e d  i n  e t h e r ,  d r ie d  
a g a i n  w i t h  anhydrous p o ta s s iu m  c a r b o n a t e ,  and r e c o v e r e d  as  
b e f o r e  but  the  w a te r  band a t  3&00 cm”"1 in  th e  i n f r a r e d  sp e c ­
trum ( I n —1565)  was n o t  d im i n i s h e d .
A n a l ,  c a l c d .  f o r  : 7 1 * 1 ;  6 . 7 0 .  C a l c d .
f o r  : C ,  6 6 . 7 ;  H, 7 . 0 2 .  Pound: C ,  66.ip9;
H, 7 . 1 7 .
C y c l i z a t i o n  o f  th e  d i h y d r o p y r i d I n e ( 3 9 ) . The o i l y
d i h y d r o p y r i d i n e  22. was d i s s o l v e d  In  m ethan o l  and c o n c e n t r a t e d  
h y d r o c h l o r i c  a c i d  was added.  Water was added t o  the  m ix tu re  
a f t e r  a few  m in u te s  and a s o l i d ,  m .p .  156—1 6 6 ° ,  s e p a r a t e d .
This  m a t e r i a l  was I d e n t i c a l  w i t h  the  c y c l i z a t i o n  p r o d u c t  ly. 
as e v id e n c e d  by th e  i n f r a r e d  spectrum  ( Ir>-l57li) •
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D ith io n i t e  reduction  of M— ^  —(2—me thy 1 Indol—3—y l ) — 
e th y l  —3—cyanopyridinium bromide (77)«and c y c l i z a t i o n  of the
product. A 1 g* sample of the. s a l t  JJ. water was treated  
under e ther  with  sodium d i th io n i t e  in  the usual manner, After  
drying the ex tr a c ts  and removing the so lv en t  under reduced 
pressure without h ea t in g ,  a dark o i l  was obtained. The in fra­
red spectrum of t h i s  o i l  (In—2023) exh ib ited  bands at  2190 cm'"1 , 
1685 onr'i, and 1605 crrT*1 in d ica t iv e  of N- ^ — (2-methylindol—■
3—y l ) a thy 1 —1,  i|—d ihy dr o—3—cya nopyr id ine (8 2 ) .  A c id i f  ica t io n
of a turbid mixture of  the dihydropyridine 83 in  aqueous metha­
nol w ith  concentrated hydrochloric acid caused i n i t i a l  c lear ing  
of the s o lu t io n  which reclouded on a d d it ion  of potassium carbo­
nate .  A c id i f i c a t io n  of a second port ion  of  83. in  the same 
manner again re su l ted  in  i n i t i a l  c lea r in g  of the mixture; how­
ever ,  the mixture reclouded on standing without b a s i f i c a t i o n .
A small amount of semi—s o l id  m ater ia l  was i s o la te d  
from both mixtures (In-1957)* Both samples had id e n t i c a l  u ltra­
v i o l e t  spectra with  maxima at  223 mu and 275 mu and shoulders  
at  288 mu . A c id i f i c a t io n  of the sample from the basic  mixture 
caused no change in  the u l t r a v i o l e t  spectrum. Addition of 
sodium borohydride to  e i th e r  sample caused no change in the 
u l t r a v i o l e t  spectra .
A second sample of  the dihydropyridine 83 was d isso lved  
in  e ther  and treated  with  anhydrous hydrogen o h lo r id e .  After  
standing overnight,  an o i l  separated. The e th er  was removed by 
decantation  and the o i l  c r y s t a l l i z e d  whan washed with water.
The orange s o l i d ,  m.p. 122—132° d e c . ,  was removed by f i l t r a t i o n
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The i n f r a r e d  spctrum ( I n —2038)  w i t h  bands a t  2200  om”"3, and 
1630 crrr"1 was i n d i c a t i v e  o f  a t e t r a h y d r o p y r i d I n e . S e v e r a l  
a t tem p te d  r e c r y s t a l l i z a t i o n s  o f  t h i s  m a t e r i a l  from a c e t o n e ,  
from m e th a n o l ,  and from i s o p r o p a n o l  cau sed  c o n s i d e r a b l e  de­
c o m p o s i t i o n  as e v id e n c e d  by the  f o r m a t io n  o f  a dark o i l .  A 
s m a l l  amount o f  l i g h t  orange s o l i d  was o b ta in e d  by adding  
w a te r  t o  an i s o p r o p a n o l  s o l u t i o n  o f  the  o r i g i n a l  m a t e r i a l .
This  s o l i d  was r e c r y s t a l l i z e d  from a c e t o n e ,  removed by f i l ­
t r a t i o n ,  and washed w i t h  c o l d  I s o p r o p a n o l  t o  y i e l d  a n e a r l y  
w h i te  s o l i d ,  m .p .  210—2 1 3 . 5 ° .  The I n fr a r e d  spectrum (Irn- 
2 0 6 1 ) r e t a i n e d  th e  c h a r a c t e r i s t i c  bands o f  a l , l j . ,5 , 6—t e t r a — 
h y d r o p y r id in e  and e x h i b i t e d  two bands due t o  the  n i t r o g e n — 
hydrogen  s t r e t c h i n g  v i b r a t i o n  a t  3^-70 cm” "1 and 33 4^-0 cm"”1 .
When a m e t h a n o l i c  s o l u t i o n  o f  the  d ih y d r o p y r id in e  
§ 1 ,  w i t h  a s t e a d y  stream o f  n i t r o g e n  b u b b l in g  th ro u g h ,  was 
t r e a t e d  w i t h  6 N h y d r o c h l o r i c  a c i d  and, a f t e r  a few  m in u t e s ,  
poured i n t o  c o ld  w a t e r ,  the  c y c l i z a t i o n  p r o d u c t ,  1 , 2 , 6 , 7 , 1 0 , 
10a—hexahydro—3—c y a n o in d o l o  | 2^ , 3—h j  —5H—p y r id o  j 1 , 2—a ] — 
a z e p in e  ( 8 6 ) .  was o b ta in e d  i n  b e t t e r  p u r i t y .  S e v e r a l  r e — 
c r y s t a l l i z a t i o n s  from I s o p r o p a n o l  and aqueous a c e to n e  a f f o r d e d  
86 a s  a l i g h t  c o l o r e d  s o l i d ,  m .p .  213—215° •
A n a l ,  c a l c d .  f o r  C ^ H ^ :  C, 7 7 . 7 ,  H, 6 . 5 3 ,  N, 1 5 . 9 8 .
Pound: C, 7 7 . 8 0 ,  77-79?. H, 6 . 5 6 ,  6 . 8 3 ; N, 1 5 . 8 5 .
D i t h i o n i t e  r e d u c t i o n  o f  1—b e n z y l —3—cy a n o p y r id in iu m  
b ro m id e( 2 3 ) .  The p rocedu re  was e s s e n t i a l l y  t h a t  o f  Anderson  
and B e r k e l h a m m e r T h e  p y r id in iu m  bromide 2^ (5 g . ,  0 . 1 8
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mole) and sodium bicarbonate (8 .2  g . , 0 .0 8  mole) were s t ir r e d  
in  60 ml. o f  water. .After heating  in  order to  d i s s o lv e  the 
bioarbonate, the mixture became bright  ye l lo w .  The small 
amount of  red o i l  which separated was removed by f i l t r a t i o n .  
Sodium d i th io n i t e  (86 .7$ ,  11.7 S», 0 .059 mole) was added in  
small p o r t io n s .  The mixture turned dark orange i n i t i a l l y  and 
then l ig h te n ed .  A small amount of dark o i l  began to  separate  
above the water. .After s t i r r in g  fo r  30 rain., a yel low pre­
c i p i t a t e  began to  form. The mixture was allowed to  stand 
overnight.  The yel low  s o l id  which separated was removed by 
f i l t r a t i o n  and washed with  water. This m ateria l  was r e -  
c r y s t a l l i z e d  from a looh o l ,  affording  1—benzyl—l , i | —d ihy dr ci-3— 
cyanopyridine ( 2k) as golden n eed les ,  m.p. 5k-55° dec. (3 ,2  g . ,  
91$) .  The infrared spectrum (21—1076), with  bands at  2190 
cm—1 , 1680 cm—1 , and 1605 cm—1 , was c o n s i s t e n t  with that ex­
pected .
Addition of  acid to  1—benzyl—l . k —<3ihydro~3—cyano­
pyridine ( 2 k ) . Addition of  a drop of concentrated hydro­
c h lo r ic  acid to a methanolic so lu t io n  of the dihydropyridine  
2k in  an u l t r a v i o l e t  c e l l  caused the d es tru c t io n  of the band 
at  338 mu with  the formation of a neiir band at  273 mu. Addition  
of hydrochloric acid to  a small amount of 2k in methanol, af­
forded a tan s o l id  which was unstable and could not be puri­
f i e d .  This m ateria l  gave bands in the infrared spectrum 
(21—1223) at  2195 cnT'1 and 1633 crtT*1 with  no absorption at  
1680 cirf1 . The m ateria l  can thus be assumed to  have the l,k>
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5 , 6 —t e t r a h y d r o p y r i d i n e  s t r u c t u r e .
Attem pted h y d r o l y s i s  o f  the  d ih y d r o p y r i d in e  (2ij_) . 
Treatment o f  the  d ih y d r o p y r i d in a  2 wi t h  ammonium h y d ro x id e  
i n  aqueous m ethano l  on th e  steam c o n e ,  y i e l d e d  a s o l i d ,  m .p .  
5 5 ° ,  the  i n f r a r e d  spectrum o f  w h ich  ( 21—1 1 9 6 ) showed i t  t o  
be the  s t a r t i n g  m a t e r i a l  2^ .  S t a r t i n g  m a t e r i a l  was a l s o  ob­
t a i n e d  a f t e r  h e a t i n g  2L}. under r e f l u x  w i t h  p o ta s s iu m  h y d r o x id e  
i n  d i e t h y l e n e g l y c o l  f o r  15 rain. Longer h e a t i n g  i n  d i e t h y l e n e — 
g l y c o l  caused  d e c o m p o s i t io n  o f  the  s t a r t i n g  m a t e r i a l  and no 
s o l i d  p r o d u c t  was i s o l a t e d .  Treatment o f  th e  d i h y d r o p y r id i n e  
2j± w i t h  p o ta s s iu m  h y d r o x id e  i n  b o i l i n g  m ethan o l  f o r  15 rain, 
a l s o  gave s t a r t i n g  m a t e r i a l ,  w h i l e  o n ly  b e n z o ic  a c i d  co u ld  be 
i s o l a t e d  from the a t te m p ted  h y d r o l y s i s  o f  2Lj. w i t h  p o ta s s iu m  
h y d r o x id e  i n  b o i l i n g  b e n z y l  a l c o h o l .
The d i h y d r o p y r i d i n e (2k)  was a l s o  r e c o v e r e d  u n a l t e r e d ,  
m .p .  55—5 6 ° ,  a f t e r  t r e a t m e n t  w i t h  sodium b o ro h y d r id e  i n  
m e th a n o l .
.A ddit ion  o f  p o ta s s iu m  c y a n id e  t o  1—b e n z y l—3—cyano— 
p y r id in iu m  b r o m id e ( 2 3 ) .  An aqueous s o l u t i o n  o f  1 g .  o f  1— 
b e n z y l—3—c y a n o p y r id in iu m  bromide <21)  was t r e a t e d  w i t h  s o l i d  
p o ta ss iu m  cy a n id e  and a l lo w e d  t o  s t a n d .  The orange—red o i l  
w hich  s e p a r a te d  was e x t r a c t e d  i n t o  ether- and the  e x t r a c t  was 
d r ie d  w i t h  anhydrous p o ta s s iu m  c a r b o n a t e .  The s o l u t i o n  was 
f i l t e r e d  and th e  e t h e r  was removed under reduced  p r e s s u r e .
The o i l  w h ich  remained showed e v i d e n c e  o f  the  Ijlfj—d ih y d ro —
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pyridine structure infrared spectrum (21—2291+)
but was unstable and decomposed before i t  was further charac­
te r iz e d .
Reaction of N-tj£ — (indol—3-y l)  ethyl]  — 3-cyano—_____
pyridlnlum bromide (28) with potassium cyanide. An aqueous—
methanolic so lu t ion  of 1 g. of the s a l t  28 was treated with 
potassium cyanide. After a few minutes the pea-green mix­
ture was poured into cold water and extracted with ether.
The ether so lu t ion  was dried over sodium su lfa te  and the 
ether was removed leaving a l ig h t  brown semi—s o l id .  This 
material was quite  unstable and further p u r i f ica t io n  was un­
su c c e s s fu l .  The infrared spectrum (21—2579) of th is  material  
with strong absorption at  2200 cm*- 1 , 1675 cm- 1 , and 1593 cm- 1 , 
and the u l t r a v io l e t  maximum at 327 mu, were con s is ten t  with 
the dihydropyridine structure ,2k re su lt in g  from attack of the 
cyanide ion at the 1+—p o is i to n  of the pyrid inium ring. Treat­
ment of a chloroform so lu t ion  of th is  material  with a ce t ic  
acid gave no id e n t i f ia b le  material .




The I n t r a m o l e c u l a r  c y c l i z a t i o n  o f  N—a r y l a I k y  1—1 , 14.— 
d ih y d r o - 3 —'c y a n o p y r i d i n e s  has b een  d e m o n s tr a te d .  The l , i | .— 
d i h y d r o p y r i d i n e  system  i n  the  p r e s e n c e  o f  a c i d  u n d ergoes  
p r o t o n a t i o n  a t  the  5 ~ p o s i t i o n  r e n d e r i n g  th e  6—p o s i t i o n  h i g h l y  
e l e c t r o p h l l i c . T h is  6—- p o s i t i o n  may t h e n  i n t r a m o l e c u l a r l y  
a t t a c k  an a v a i l a b l e  a r o m a t ic  sy s tem  or r e a c t  w i t h  an a v a i l a b l e  
n u c l e o p h i l e  such  as d i t h i o n i t e  i o n .
The c y c l i z a t i o n  r e a c t i o n ,  when the  a r y l  group i s  th e  
i n d o l e  n u c l e u s ,  p r o c e e d s  d i r e c t l y  t o  the  c y c l i c  I n d o le  w i t h ­
out  i n t e r m e d i a t e  f o r m a t i o n  o f  the  c o r r e s p o n d i n g  c y c l i c  Indo— 
l a n i n e .  The f a c i l i t y  o f  the  f o r m a t i o n  o f  th e  I n d o l o q u i n o l i z i n e
22. and th e  b e n z o q u l n o l i z i n e  Ij^ l e m p h a s iz e s  th e  s y n t h e t i c  p o te n ­
t i a l  o f  t h i s  r e a c t i o n  and l e n d s  c r e d e n c e  t o  th e  p r o p o s a l  t h a t  
such  a r e a c t i o n  may be im p o r ta n t  i n  th e  b i o s y n t h e s i s  o f  
v a r i o u s  a l k a l o i d s .
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